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Thyroid Stimulating Hormone (Thyrotropin)TSH
ThyroidectomizedTx
Sham-thyroidectomizedTx S
Thyroidectomized with injections of NaOH
Tx+ NaOH
Thyroidectomized with injections of T4Tx+ T4
Hypophysectomized and thyroidectomizedHxTx
Sham-hypophysectomized and thyroidectomizedSham HxTx
Status of the animals for oxygen consumption rate measure-
ments are classified into the following categories:
• animal fasting and resting in dark at
a) Standard
night
b) Daily average: average of metabolic measurements
extending over at least 24 hrs.
• animal resting and presumably fasting
c} resting
the day or unspecified period
: some degree of spontaneous activityd) active
e) maximum active: animal stimulated to produce maximal
metabolic rate for particular conditions
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Abstract
When tokays (Gekko gecko) and rat snakes( Ptyas korros)
are transferred from ambient temperature to a constant
environment of 20°C and 32°C for one week, tokays show a
significant difference (an increase at higher temperature)
in oxygen consumption rate between the two temperatures
but the rat snakes do not show any difference. The rat
snake is less susceptible or sensitive to temperature
changes compared with the tokays. Also at an ambient
temperature of 18° to 26°C, the oxygen consumption rate
of the tokay is similar to that at 32 °C.
Oxygen consumption rates calculated from weight-
specific regression equations are all higher than those
actually measured for the two sub-groups of squamate.
For the tokay, a Q1 0 of less than two is evident between
20° and 32°C for the rat snake, a Q10 of one is suggested
because of the insensitivity of the animals to the fluctuation
of temperatures.
Thyroidectomy at 20°C and 32°C and at ambient temperature
do not produce any significant decrease in oxygen consumption
rates after one week in both tokays and rat snakes except
at 32°C, where a significant increase (52.4%) in oxygen
consumption rate is observed in the rat snakes. Thyroidal
secretions do not play a major role in maintaining metabolic
4rate at 32°C and below in the tokays and in the range of
20°-38°C in the rat snakes.
Daily injections of thyroxine (16,ug/100 g B. wt,)
for one week to the thyroidectomized animals can only
produce a significant increase of 66% and 82% in the tokays
at 34°C and 36°C respectively. The absence of response
below 34°C may be due possibly to the inactivity of
metabolic enzyme at low temperatures. The absence of
any positive response at all temperatures in the rat
snakes due to thyroidectomy and hormone therapy demonstrates
a tendency towards homeostasis.
Apart from that of temperature, the difference in the
metabolic response of the two sub-groups of squamate reptiles
to thyroid hormones may be in fact due to the differences
in the thyroidal secretions. Since the snake blood contains
significant amount of circulating MIT and DIT which are
precursors of thyroid hormones, thus in the rat snakes,
thyroxine alone is definitely not equivalent to thyroidal
secretion. Tissue sensitivity of the lizard and snake
to thyroidal secretions is unknown.
It might be concluded that the thyroid gland seems
to be involved in the oxygen consumption of the tokay
between 31°to 36°C but for the rat snake, no involvement
of the thyroid gland is indicated.
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2The reptiles are particularly important in considerations
of comparative metabolism because of the phylogenetic and
geographic diversity that they exhibit. This diversity
comes from different evolutionary, physiological and
ecological point of views. In spite of the interest in
reptilian biology over the past thirty years, the functional
aspects which correlate this diversity are only now
beginning to be systematically explored and understood.
For example, in the thermobiology, one of the most thoroughly
investigated aspects of reptilian physiology, there remain
difficulties for one to understand the adaptive patterns
in various groups of reptiles, as many of the "poikilothermie"
reptiles can thermoregulate rather precisely by behavioral
means to confine their body temperature to a narrow range
for activity (Cowles and Bogert, 1944 Regal, 1966
Licht et al., 1966 Bustard, 1 967 Templeton, 1970
Whitfield and Livezey, 1973 Barber and Crawford, 1977
Fitzpatrick et al., 1978 Bowker and Johnson, 1980
Lillywhite, 1980). Indeed this thermoregulatory activity
has initiated an extensive research for the correlation
between physiological parameters such as metabolic functions
and the preferred temperature (McGinnis, 1966 Wilson, 197ka
Dawson, 1975 Fitzpatrick et al., 1978 Whitten and Heatwole,
1978). The thermal level of the animal seems to be a
stable feature of a particular species so that many
physiological functions are expected to have evolved with
3
reference to it. Reptiles, despite their thermoregulatory
capacities, however, must possess the ability to tolerate
body temperature ten to twenty degrees Celsius different
from the preferred level due to the daily and seasonal
cycles of their environment. Such tolerance enables the
animals to maintain their functional capacities over a
range of thirty degree Celsius, so adjustments oP adaptations
to reduce the dependence of the rate of the process on body
temperature and to develop some degree of physiological
homeostasis are expected. Only a few instances of correlation
of laboratory-determined physiological optima with level
of preferred temperature have been reported (Dawson, 1975).
Reptiles appear to be a key group for the analysis of
the development of metabolic evolution. In 1960, Heinmingsen
concluded that the Animal Kingdom could be divided into
three metabolic groups: unicellular poikilotherms, metazoan
poikilotherms and homeotherms (quoted by Bennett and Davison,
1976), but subsequent investigators have observed endothe+?my
during activity in some poikilothermic forms. In general,
reptilian metabolic rates are similar to those of metazoan
invertebrates and amniotic vertebrates of similar body size
and of the same temperature. The evolutionary lines within
the Class Reptilia eventually reach the highest points in
the two homeothermic classes, the birds and the :r.anmials.
The development of homeothermy requires morphological
4and physiological modifications of nearly all the organs
for the higher demand of food and oxygen. The reconstruction
of the evolutionary lines leading to the development of
homeothermy requires the understanding of the biology of
the contemporary reptiles. Although the reptiles present
today may differ from their own ancestor or the represent-
atives of their groups from which the birds and mammals arose,
the metabolic rate and capacities for oxygen transport
appear to be similar in all orders (see review by Bennett
and Dawson, 1976). It is reasonable to assume that such
metabolic characteristics are indicative of the metabolic
condition from which homeothermy arose.
Hormones are involved in the determination of metabolic
rate of reptiles: thyroxine (Maher and Levedahl, 1959
I aher, 1965 W'Jilhoft, 1966 Turner and Tipton, 1972
Walker, 1973 Chandola et al., 1974 Wong et al., 1975)
testosterone (Thapliyal et al., 1974 Thapliyal et al., 1975)
and epinephrine (Coulson and Hernandez, 1964).. Thyroid
hormone (e.g. thyroxine) appears to have the same function
in the maint ehanc e and stimulation of metabolic rate in
reptiles as it does in mammals (Lynn, 1970 Turner and
Tipton, 1 972 Chandola et al., 1974). Thyroidectomy, either
surgical or chemical, causes a decrease of 18-43% in the
resting metabolic rates of lizards at 30°C (i-aher and Levedahl,
1959 Maher, 1965 Wilhoft, 1966). It thus appears that reptiles
5are not simply ttmammals with hypoth roidism, but that the
thyroid gland is actively involved in metabolism of these
lower vertebrates to approximately the same extent that it
is in mammals.
The relationship of thyroid hormone and oxygen consumption
in the squamate reptiles is, however, often complicated by
the temperature in which the experimental animals are kept
(Maher and Levedahl, 1959; Maher, 1964 Bartholomew and
Tucker, 1964 Maher, 1965; Aleksiuk, 1971a Wong et al., 1 975
Morris, 1980). Increase in oxygen consumption is evident
if the temperature of the experiment is at 300C but not at
20 00 (Wong et al., 1975).
The present study attempts to investigate the role of
temperature acclimation and the thyroid gland on the resting
metabolic rate of tokay, Gekko gecko and rat snake, Ptyas
korros.
The study involves essentially the determination of
the metabolic rate under a range of temperatures from







Regnault and Reiset (1849) were the first who reported
on metabolic measurements in a reptile. Subsequently, their
work has been followed by many studies concerning more than
one hundred and forty species. In the past, metabolic
studies of the reptiles concerned the rates of heat or
carbon dioxide production. Recent methodology involves
measurements of the rate of oxygen consumption, through
the use of manometric techniques or more recently para-
magnetic oxygen analyser. Only few generalizations can
be obtained from the large amount of data accumulated due
to the variability in the results of different investigators,
even on the same species. This variability may be due to
the differences in activity level and sex among the eperi-
mental animals, different seasons, nutritional state, state
of acclimation, and time of observation/experimentation.
Such variability would be reduced with better standard-
ization of experimental conditions. Metabolic rates within
a single species may not be necessarily variable, judging
by Roberts' (1968a) results on the lizard Uta stun sburiana.
Measurements of standard metabolic rates of individuals
of this species were repeatable within 10% on successive
nights. Standard metabolic rate, which requires the use of
fasting animals resting in the dark in the inactive phase
of the diurnal cycle, represents an indication of the
maintenance cost. Standard metabolic rate is the most
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meaningful measurement for comparison of undamental
metabolic levels between different animals, but only few
studies have been conducted on reptiles under truly standard
conditions (Kramer, 1934, 1935 Roberts, 1968a Bennett,
1972 Songdahl and Hutchison, 1972): and diurnal observations
on animals resting in the dark have generally been used as
the comparative base. So any study should specify the age,
sex, nutritional condition, state of thermal acclimation
and photoperiodic history of experimental animals time
of day date and light conditions during an experiment
For resting metabolic levels in the five surviving
reptilian groups, Bennett and Davison (1976) with the existing
data, have calculated regression equations thereby allowing
metabolic comparisons among these five groups and among
reptiles and other vertebrate classes. These equations
concern with the weight dependence of resting metabolic
rate in adult animals:
(1)
(2)
where M is the metabolic rate in c. c. 02/hr., W is body
weight in grams, and a and b are empirically determined
constants representing the metabolic rate of a I g animal
and the slope of the regression line for total metabolism
(c.c.02/hr) on a double logarithmic scale, respectively.




the part of the experimental animal was indicated. Only
observations made at the specific temperature or interpolated
from measurements within 50C of that temperature were
employed. Different equations proposed by various workers




Dawson and Bartholomew (1956) were the first to
formulate equations considering metabolic rate as a
function of body size in lizards, At 30oC, metabolism
of six species was described as:
(3)
(4)
It is quite unusual to have the low value of b (0.54).
Bartholomew and Tucker (1964) added data for 13 species
o
of lizards and revised the equation for 30oC:
(5)
(6)
Taking the 95% confidence level from the available data
the limits of b are 0.54 and 0.70 which include the value
0.67 which indicates the proportionality to the surface
area, but exclude those described for mammals (Kleiber, 1961,
1965) and birds (Lasiewski and Dawson, 1967) 0.75 and 0.72
respectively. Such a metabolic difference in the b values
between lizards and the homeotherms is quite interesting.
Templeton (1970) plotted additional oxygen consumption data
on lizards and snakes at 300C on the graph of Bartholomew





Equations (3) to (8) describe the metabolic rates
for large lizards, i.e. 100 g, but the subsequent measure-
ments on lizard species of smaller size showed the b values
to be below the predicted levels from Equation (7) (Mayhew,
1965 Hudson and Bertram, 1966; Dawson and Templeton, 1966;
Claussen, 1967 Mueller, 1969; Asplund, 1970 Snyder, 1971),
A re-examination of the data on which Equations (3)- (8)
are based shows that about all values for animals weighing
less than 20g are derived from Dawson and Bartholomew's
(1956) data on Uta stansburiana and Sceloporus occidentalis
and of Gelineo and Gelineo (1955b) on several species of
Lacerta (Bennett and Dawson, 1976). These metabolic rates
reported are well above the levels for the resting lizards
of the species. Rates reported for Uta stansburiana by
Claussen (1967) and Alexander and Whitford (1968) are
one-half those noted earlier (Dawson and Bartholomew, 1956
Vance, 1959). Roberts' results (1968) on standard metabolic
rate for this species is 19-32% of those of Dawson and
Bartholomew. Francis and Brooks (1970) found that the
metabolic rates of Sceloporus occidentalis to be one-third
of those reported earlier. Kramer' s results (1934, 1935
of standard metabolism in Lacerta are'-only 10% of those of
Gelineo (1955b). However, the measurements on active
Lacerta vivipara (Avery, 1971) are similar to those reported
by Gelineo and Gelineo (1955a, b). Activity of the animals
definitely have influences on the results of the metabolic
rate measurements.
Bennett and Dawson (1976) calculate equations of
metabolic rate for 20°C, 30°C and 37°C respectively (see
Table 2-1, 2-2, and 2-3) with the measurements on Lacerta,
Scelonorus and Uta being excluded. The least square regression
equation for metabolic rate of lizards at 20°C is:
at 30°C:
c.c. 02hr= 0.096 g0,80
c.c. 02ghr= 0.096 g-020
(9)
(1 0)






c.c. 02ghr= 0.424 g0,18
(13)
1.
The values of b in Equations (9)- 0 4) do not differ
significantly fron.one another, but all are distinct from
those reported by Bartholomew and Tucker (1964) and
Templeton (1970). The 95% confidence limits of the slopes
in Equations (9)- (14) do not include the value for
surface proportionality (b- 0.67) and for weight-proportion¬
ality (b= 1.0). Confidence limit of b at 20°C, b= 0.73~
0.8?, at 30°C, b= 0.79- 0.87 and at 3?°C, b= 0.75- 0.89).
The values of b from Equations (9), (11) and (13) are fairly
closfe to those reported for mammals and birds, 0.72- 0.75
(Kleiber, 1 961, 1965; Lasievski and Dawson, 1967). The






































































































Dawson et al., 1966
Bartholomew et al.y 1965
Wilson, 1971, 1974





aMid-point of weight range for animals studied
Table 2-1: The different species of lizards used oy
Bennett and Dawson (1976) to determine the
least square regression equation for meta¬
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Table 2-2: The different species of lizards usedby
Bennett and Davson (1976) to determine the
least square regression equation for meta¬
bolic rate of lizards at ~50°C,
bolic rate of loizards at 30oc















































































Hudson and Bertram, 196
Wilson, 1971, 1974
Krehl and Soetbeer, 1899




aMid-point of weight range for animals measurec
Table 2-3• The different species of lizards used by
Bennett and Dawson (1976) to determine the
least square regression equation for meta¬
bolic rate of lizards at 37°C
constant a is related to the 0 Q of the lizards and it
increases with temperature The increase from 30° to
' 37°C is smaller than that from 20° to 30°C indicating a
decrease of Q1Q in the increase of temperature.
I-letabolism-weight relationships have been examined
within several genera of lizards. The values of b reported
vary considerably (see Table 2-Jf) and usually have wide
confidence limits. They do not show any consistent
relation to body temperature or phylogenetic position
of the animals involved. It is not clear whether the
values reflect the differences among taxa, sampling errors
or artifacts of particular experimental designs. Differential
activity between the large and small animals can influence
the equation for the metabolism-weight relationship.
Lizards can be regarded as a fairly homogeneous group
with respect to the metabolic level, despite the fact some
of the groups present today (e.g. thelguanidae and Varanidae)
have already existed during the Cretaceous (Homer, 1956).
However, some metabolic differences between groups may be
observed by the variability of the available data. Snyder
(1971) found relatively low metabolic rates in Xantusia
vigilis: only 55-60% of those anticipated from the equations
described earlier (Equations (9) and (11)). He suggested
this pattern as an adaptation facilitating water conservation.
IVeiaht reore.Kunn exponents (b) for lizi
Specii





























































8 Dawson and Bartholomew, 19
3 Vance, 1959

















Table 2-1+: Different b values reported for 20 species
of lizards (Bennett and Dawson, 1976)
This is, however, not the case for other species of
xerophilous lizards which do not show similarly low
metabolic rates.
Early observations on monitor lizards (Varanus gouldii,
V. varius, V. ounctatus and V. acanthurus) show that these
animals had metabolic rates at high body temperatures (37°C)
that were twice as great as comparable ones of their reptiles
and about one-third the basal level for mammals (Bartholomew•
and Tucker, 196). However, subsequent measurements (Bennett,
1971, 1972) showed the standard metabolic rate of Varanus
gouldii to be virtually identical with other lizards of
similar size at comparable temperatures (i.e. 30° and 37°C).
Other instances of elevated metabolism due to activity in
«
lizards reported (Bartholomew and Tucker, 1963? 196;
Tucker, 1966; Moberly, 1968a, b; Wilson, 1971, 197a; Bennett,
1972; Bennett and Dawson, 1972; Bennett and Licht, 1972;
Bennett and Gleeson, 1976; Dmi'el and Rappeport, 1976), could
probably be accounted for by the failure of the animals to
reach standard conditions in the experiments.
Metabolic studies of saurians have been performed primarily
on iguanids, agamids and skinks. Measurements are lacking
or inadequate for several important groups of lizards: geckos,
chameleons, pygopodids, lacertids and teiids and amphisbaenians.
20
C. Ophidians:
Greenwald (1971) compared the metabolic rates observed
for snakes with those of lizards, the latter came from
Bartholomew and Tucker's (1964). Although half of the
rate values were lower than the estimated ones, it is not
possible to conclude whether metabolic rates of ophidians
are generally lower than those of saurians.
Bennett and Dawson (1976) gathered the available
data on metabolism of snakes (see Table 2-5, 2-6) and
compared the metabolism-weight relations at 200 and 30°C.
At 20°C, the equation is:
or
from the 35 species reported.
The equation for 30uC is:
or
from the 13 species reporLea.
There is a 2.3 times increase of a value from 20°C
to 30°C indicating a Q10 value of larger than 2 from 20°C
to 30°C. The b values do not differ for the two temperatures.






















































































































Galvao et al., 1965
1 Benedict, 1932
Galvao et al., 1965
Buikema and Armitage, 1969
Galvao et al., 1965
Benedict, 1932
- Benedict, 1932
Galvao et al., 1965'
Galvao et al., 1965
Baldwin, 1928
Galvao et al., 1965
Galvao et al., 1965
Galvao et al., 1965
Hill, 1911
Jacobson and Whitford, 1970
Galvao et al., 1965
Galvao et a I., 1965
Galvao et al., 1965




Vinegar et al., 1970
Benedict, 1932
Jacobson and Whitford, 1971
Galvao et al., 1965
Clausen, 1936
Galvao et al., 1965
Jacobson and Whitford, 1970
Aleksiuk, 1971a
Aleksiuk, 1971a
Galvao et al., 1965
Galvao et al., 1965
Galvao et al1965
Wlid-point of weight range for animals measured
Aggregated
Table 2—5• The different species of snakes used by
Bennett and Dawson (1976) to determine the
least square regression equation for meta¬
bolic rate of snakes at 20°C.
















































Buikema and Armitage, 1969
Benedict, 1932
Benedict, 1932
! Jacobson and Whitford, 1970
I Greenwald, 1971
I Vinegar ct al., 1970
1 Benedict, 1932
Jacobson and Whitford, 1971
Dmi'el and Borut, 1972
b Clausen, 1936
t t i nui-r.—j 1070
•Mid-point of weight range for animals measured
Aggregated
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Different values of the exponent b have been presented .
Benedict ( 1932 ) based on his observations, on the snakes
concluded that their metabolism is directly proportional
to the surfacearea ( i . e . b = 0 . 67 ) . Galvaoet al . ( 1965 )
measured the metabolic rates of 18 species of tropical
snakes at 20 ° C and obtainedb values of 0 . 98 and 1 . 09
for colubrids and boids respectively. Also Galvao et al .
( 1965 ) have analysed the information on tropical boids from
Benedict' s ( 1932 ) study at 20 ° C and obtaineda b - value of
1 . 12 . They concluded that weight - specific metabolic rate
in tropical snakes is independent of body size , a condition
differed from the temperate species . From the data on both
boids and colubrids, Galvao et al . ( 1965 ) got a b value of
0 . 86 . Vinegaret al . ' s ( 1970 ) result on three speciesof
Pythons : Python curtis , P . . ' molurus and P . reticulatusat
28 ° C suggested a direct proportionality between metabolic
rate and body surface area ( b = 0 . 66 ) . They also recalculated
Benedict' s ( 1932 ) data - on boids at 28 ° C and found so much .
variability that a decision could not be made as to whether
the metabolism of these animals could be described by a b
value of 1 . 0 - or 0 . 67 . Vinegaret al . ( 1970 ) therefore
concluded that the weight regression coefficent b is temperature
dependent in snakes . This conclusion , may not be warranted
for all species since a high variation in b values for
Diadophis punctatus at various temperature occurs ( Buikema
and Armitage 1969 ) , with none of the values differing
24
significantlyfrom each other . The mean value for b at
different temperaturesis 1 . 03 . For Spalerosophis
cliffordii , . Dmi ' el and Borut ( 1972 ) obtaineda b value of
0 . 62 at 30 ° C . Dmi ' el ( 19720 also estimatedthe value of
b for the speciesat 30 ° C , using a Q 10 of 2 . 5 to adjust
selected values of other workers ( Benedict , 1932 Galvao
et al . , 1965 and Vinegaret al . , 1970 ) . It was found to
be 0 . 60 which differed considerablyfrom 1 for the direct
proportionalityto body weight , and he agreed that b is
temperature dependent . Bennett and Dawson ( 1976 ) in their
review questioned Dmi ' el ' s adjustment of metabolic values
to 30 ° C by use of an arbitrary Q 1 0 for animals of different
size , for a priori , animals of different sizes would have
different thermal sensitivities if b is to vary with
temperature .
The value of b obtained from Bennett and Dawson ( 1976 )
was 0 . 76 - 0 . 77 which differed significantlyfrom both
0 . 67 ( surfacearea ) and 1 . 0 ( weight ) as well as those
obtained by Galvao et al . ( 1965 ) for boids and colubrids,
respectively. Bennett and Davwson ' s ( 1976 ) statistical
analyses of metabolismdata at 20 ° Cand 30 ° C do not give
support for the suggestionof Vinegar et al . ( 1970 ) and
Dmi ' el ( 1972 ) that b is temperatured pendentin this group .
Th P nnalsis from Galvao et al . ( 1965 ) predict that
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a I kg Boa will.have only half the metabolic rate of a
colubrid of similar size. However, thesize ranges of the
representatives of the two families employed in the study
barely overlap. Measurements on small boids and large
colubrids would help to see whether the different metabolic
level suggested by Galvao et al.'s (1965) data is in fact
real. Whether phylogenetic position influences metabolic
level in reptiles is unknown.
Data on oxygen consumption rate for representatives
of families of snakes other than the boids and colubrids
are exceedingly limited. Only few metabolic observations
have been made on viperids (Benedict, 1932; Dmi' el, 1970,
1972). There are no data on elaphids and hydrophids.
26
SECTION TWO
MEASUREJIENT OF METABOLIC RATE
27
A . Indirect Calorimetry:
In indirect calorimetry ( or repirometry ) energy
turnover is deduced from measurements of oxygen comsumption
or oxygen consumption combined with carbon dioxide
production . ( Measurementof CO 2 production alone , though
attractive because of its technical simplicity , should
not be used to estimate metabolic rate in reptiles , it
will be discussed later ) . Results may be expressed directly
as oxygen utilization per unit time , or converted to
caloric equivalents : in either case measured volumes must
first be corrected to standard conditions i . e . dry gas
at 760 mmH g and 0 ° C . Though the energy equivalentof
consumed oxygen varies according to the type of material
being oxidized, a conversionfactor of 4 . 7 or 4 . 8 Kcal / 1 02
is generally used . The lower value 4 . 7 is usually applied
to the resting and fasting specimens ( see " Carbon dioxide
productiona d R . Q . " in the followingsection ) ,
1 . Open ( Flow - through) systems:
In these systems , the animal is exposed to an atmosphere
that is continuously renewed by moving air or a predetermined
mixture of gases through the system at a constant rate . An














The three-way valve allows the room air and the
effluent from the animal chamber to be analyzed alternately.
Downstream end of each CO 2 absorption tube should have a
cotton or felt dust filter. Positive pressure pump may
be used at inflow point in place of the vacuum pump in
either case, flow regulator valve must be between the pump
and the rest of the system and should comprise the major
resistance to flow so the total pressure in the system is
essentially at ambient level. Barometric pressure and
temperature in system must be known for calculations. The
downstream end of the CO 2 absorbent should contain desiccant
to pick up any water of reaction. Gas exchange is calculated
from flow rate times the difference between inflow and outflow
composition. Open systems offer little resistance to air
flow, and the pressure at all points is essentially atmospheric.
Flow is adjusted to keep the composition of the breathed
mixture close to that of the inflow however, the rate of
turnover of the chamber content must be low enough to allow
29
detectable differences between inflow and outflow gases.
Flows slow enough for measurement of reptilian metabolic
rates may allow certain humidification of chamber air by
evaporation of water from the specimen. if dehydration rate
or evaporative cooling capacity is measured simultaneouly
with metabolism, the water vapor pressure in the chamber
should be measured and taken into account in interpreting
results (Lasiewski et al., 1966).
In most of the recent models used, the effluent air
is continuously monitored or recorded with a paramagnetic
oxygen analyzer*(Beckman Instruments Fullerton, Calif.).
2. Closed systems:
a) Warburg constant volume respirometry
The Warburg respirometer, even when used with small
reptiles required the design. of special vessels. It is
regarded as an inconvenient method for measuring metabolism
of intact vertebrates (McDonald, 1976). The accuracy of
the method depends on knowledge of the exact gas space
in the system during measurement and this may be difficult
to determine (Umbreit gt al., 1964). Isolated reptilian
tissues, on the other hand, are usually studied with the
conventional Warburg techniques (e.g. Beloff-Chain and
Rookledge, 1970 Wong et al., 1975).
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b) Constant pressure volumetric systems
These systems are the closed systems most commonly
used for reptiles. Absorption of the expired carbon
dioxide with soda lime(Ascarite) or a strong alkaline
solution is an essential feature of all different models
designed: some may require the absorption of water vapour
with Drierite -- anhydrous calcium sulfate.
Simple stoppered animal containers connected to
calibrated horizontal "manometers" may be use to measure
metabolism in small reptiles. The horizontal tubes are
often called volumeters rather than manometers. When
measurements are being .Laken, the lizards or snakes used
must not contact with soda lime. Thermal equilibrium is
first established, the movement of a small amount of
fluid introduced into the end of the calibrated horizontal
tube then indicates oxygen consumption. The fluid must have
low surface tension, (e.g. wetting agents, liquid soap or
manometer fluid), be non-toxic and be colored. Thermobaro-
meters, identical in construction and treatment to the
animal chamber, may be used to detect temperature and pressure
changes. Since the oxygen consumption rate in reptiles is
slow, any small and spontaneous pressure change in such
system introduce serious error.
The following diagram is a sample set up for the
31
measurement of oxygen uptakes for small reptiles as








Economical horizontal tube volumeter for small reptiles, requiring no special
materials except water- and CO2-absorbents. Oxygen uptake is measured by timing move-
ment of a drop (D) of indicating fluid (colored water with a little detergent) along length
of calibrated volumeter tube (V). Fluid is introduced at open end with medicine dropper.
Animal chamber (C) is a straight-sided jar of appropriate size. A platform (P) of coarse
hardware cloth or perforated plastic supports specimen and prevents contact with absor-
bents on bottom of chamber. Water bath (WB) is plastic shoe box or similar deep plastic
or metal tray with holes drilled in bottom for hooks, and in one end for rubber grommet
to hold open end of volumeter tube. Stout rubber bands attached to hooks overcome buoy-
ancy of jar alternatively, jar may be taped or held with rubber bands to heavy metal bar.
The calibration and horizontal position of the volumeter tube (a small-bore pipette) are the
only critical features of the system. If the bath is water-filled, the distance of V below the
water level at each end can be measured with a pocket ruler and equalized by shimming
the support rod (S) or rebending the hanger wire (H). If used as an air-bath, a length of
clear plastic tubing or rubber tubing with short lengths of glass tubing at each end, filled
with water (with a little detergent as a wetting agent), can be used as a leveling tool. The
fluid trap (FT) is needed to prevent entry of the indicator fluid into the nonhorizontal con-
necting tubing (CT) and creation of a gravitational effect rubber stoppers in a cut-off
plastic pill vial are not only convenient but are heavy enough to keep the trap submerged.
The chamber can be flushed with air or oxygen via the auxiliary tube (AT), which is
normally clamped off.
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The oxygen consumptioni a sealed chamber ( C ) also
can be determined by periodically adding oxygen from a
syringe so as to maintain a constant pressure
c ) . Constant volume chambers:
The constant respirometeis are the true manometric
systems , i . e . the oxygen consumptionrate is calculated
from pressure changes rather than volume changes . The
volume of the chambers must be known exactly for the sake
of precise calculations . Although arrangements as simple
as flasks or desiccators connected to water manometers
have been used with reptiles ( Dessauer , 1953 Coulson and
Hernandez , 1964 ) , accurate manometry is a demanding technique
and require more precise set - ups ( Bartholomewand Tucker ,
1963 , 1964 ) . Jones ( 1970 ) used a recordingmanometric
system utilizing a differential pressure transducer connected
the animal chamber and the compensating chamber to measure
both the oxygen consumption and carbon dioxide production .
All the closed systems should be brought to thermal
equilibrium before they are closed for oxygen consumption
measurements .
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3 . Carbon dioxide production and its determination:
The exact caloric equivalent of consumed oxygen varies
with the type of substratesbeing oxidized about 4 . 5 , 4 . 7
and 5 . 0 Kcal / l 02 for protein , fat and carbohydrate,
respectively . The total energy values from the indirect
calorimetry require the knowledge of the proportions of
protein , fat and carbohydrates utilized . Such information
is lacking for reptiles , but the use of mean value of 4 . 7
to 4 . 8 Kcal / l in practical work is justified in that the
maximum possible error is about 6 % even if pure protein
and pure carbohydratew re to be oxidized . R . Q . value also
varies with substrate and it is sometimes used as a clue
to the substrates being utilized .
The carbon dioxide output is measured by gravirnetric
method ( Benedict , 1932 Roth , 1942 ) with either the open
or the closed systems . The amount of carbon dioxide absorbed ,
determined by weighing can be converted to gas volumes
usually the general gas laws . To eliminate over - estimation ,
water absorbents such as Drierite are often used . Carbon
dioxide absorbedby Ba ( OH ) 2 or KOH solutionsmay be
determined by titration ( Dessaurs , 1953 ) . Analysis of
chamber air ( Benedict , 1932 Roberts , 1968 b Crawford and
Schultetus, 1970 ) or of outflow air from an open system
( Nielsen , 1961 , 1962 ) by chemical procedures, by infrared
absorptionanalysers ( Vinegar et al . , 1970 ) are other
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possibilities. Comparison of pressure changes (Jones,
1970) or volume changes (Deavers, 1972) with and without
carbon dioxide absorption allows the calculation of carbon
dioxide production rate. For significant cutaneous gas
exchange occurs in some reptiles (Dawson, 1960), and rate
of oxygen and carbon dioxide exchange across the integument
may differ (Crawford and Schultetus, 1970), system with
only the head of the animal is ventilated should be
used to compare that with the whole body of the animal
if precise data are needed (see review by McDonald, 1976).
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B, Direct Calorimetry:
Since different capacity for the anaerobic metabolism
is exhibited in reptiles (Belkin, 1963 Moberly, 1968a, b
Bennett, 1972 Bennett and Licht, 1972 Bennett and Dawson,
1972) and all reptiles may obtain a significant amount
of energy from anaerobic processes when excited (Coulson
and Hernandez, 1964, 1971), the direct measurement of
heat production are desirable. A resting python in flowing
dry air loses more heat by evaporation than it produces.
Most calorimeters designed for mammals are unsatisfactory
for reptiles (Benedict, 1932). When direct calorimetric
measurements on_reptiles are employed, the initial thermal
equilibration is much critical than the indirect calorimetry,
and activity affects heat output greatly (Benedict, 1932).
Heat production of aquatic turtles may be measured by
immersing the animals in insulated containers of water.
From the rise in temperature, the amount of heat produced
can be measured (Jackson and Schmidt-Nielsen, 1966 Jackson,
1968). Stimultaneous measurement of oxygen consumption
allows the._comparison of aerobic and anaerobic metabolism.
With gradient calorimeters, heat flow across the chamber
wall to a constant temperature water bath is integrated
thermo-electrically (Benzinger t al., 1958). Total
body lactate provides an index of anaerobic metabolism
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in reptiles, and it can be determined enzymatically (Bennett
and Licht, 1972). By sacrificing animals at appropriate
time individuals, the time course of lactate production
and its removal can be determined. Since the whole animal
must be homogenized for analysis, only small reptiles can
be used. Due to the complex equilibria between muscle,
blood and liver, the time course of blood lactate does
not reflect the total body lactate, so blood lactate
cannot be used as an index (Bennett and Licht, 1972).
The energy cost of different rates of locomotion
in lizards can be assessed using a treadmill (Moberly, 1968b).
The animal is kept moving by electrical shocks. The
estimate of maximum aerobic capacity derived from the
trend of oxygen consumption versus work load in such study
is more meaningly than just disturbing the animals.
In the present study, indirect calorimetric method
is used with the closed system: the horizontal tube
volumeter (McDonald, 1976) with modifications.
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SECTION THREE
FACTORS AFFECTING RESTING METABOLIC RATE
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A . Temperature:
The equations presented in section one allow the
examination of the thermal dependence of metabolism in
lizards and snakes . Equations( 9 ) to ( 13 ) ( Bennett and
Dawson , 1976 ) show that metabolic rate does not have a
constant thermal dependencebetween 20 ° C and 37 ° C for
lizards although the Q 10 estimated for a 100 grams lizard
declinesfrom 2 . 87 between20 ° C and 300 C to 2 . 12 between
30 ° C and 37 ° C . The thermal dependenceestimatedfrom
Equations( 15 ) to ( 18 ) for the metabolismin a 100 grams
snake between20 ° C and 30 ° C is less obvious( Q 10 = 2 . 23 )
than the lizards in this temperature interval .
The decline in Q 10 with increasing temperature indicated
by the equations describing the metabolism - weight relations
of lizards contrasts with the situation observed in many
individual species ( see the following text ) , in which the
temperature coefficient remainsconstant over a wide thermal
range , thus conforming to the standard model for thermal
dependence of biological rate processes . Examples are
several large snakes ( Benedict , 1932 ) , and several lizards -
Amphibolurus, barbatus ( Bartholomewand Tucker , 1963 ) ,
Etzmeceg obsoletus ( Dawson , 1960 ) , Gerrhonotus multicarimatus
( Dawsonand Templeton, 1966 ) , Lacerta sp . ( Kramer , 1935 ) ,
Phynosoma cornutum ( Prieto and Whitford , 1971 ) , Sauromalus
hisnidus ( Bennett , 1972 ) , Tilipua scindoides ( Bartholomew
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et al . , 1965 ) . Uta stansburiana( Roberts, 1968 a ) , Xantu is
vigilis ( Snyder , 1971 ) and many other species . However ,
departures from this thermal dependence have also been
observed in reptiles . These involve a continuously decreasing
Q 10 with increasing temperature or presence of metabolic
plateau where metabolic rate is essentially stable over
a range of severaldegreesCelsius( i . e . Q 10 1 . 0 ) . For
example , in snakes : Boa constrictor( Benedict , 1932 ) ,
Diadohis punctatus ( Buikema and Armitage , 1969 ) , Natrix
rhombifera and Thamnophis proximus ( Jacobson and Whitford ,
1970 ) , and Tahmnophiss rtalis ( Aleksiuk , 1971 ) , and in
lizards : Cnemidophorustigris , Uma notata , xantusia vigilis
( Cook , 1949 ) , Crotaphytuscollaris ( Dawson and Templeton,
1963 ) , Scinc lla lateralis ( Hudson and Bertram , 1966 ) ,
Phrynosomado assii ( Prieto and Whitford , 1971 ) , P . mcalli
( Mayhew , 1965 ) , and Varanus fouldii ( Bennett , 1972 ) . The
Q 10 for in vitro metabolism of Lacerta liver also decreases
with increasing temperature( Locker , 1958 ) . Also a biphasic
relationship between oxygen consumption and temperature
has been detected with in vitro measurementson cardiac
and skeletal muscle and liver of Thamnophis sirtalis
( Hoskins and Aleksiuk , 197 N . The metabolic rates of these
tissues at temperature above 200 C have significantly lower
thermal dependence( Q 10 2 . 4 ) than those between4 ° and 20 ° C
( Q 10 5 . 8 ) . A high thermal dependenceof metabolismat
temperatures below the range normally associates with activity
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might help the reptiles to conserve energy during inactivity
in cool surroundings.
Metabolic plateaus have been observed in hibernating
individuals of Dipsosaurus dorsalis ( Moberly , 1963 ) and
Phrynosomacalli ( Mayhew , 1965 ) . In some cases , such
plateaus occur in non - hibernating reptiles in thermal ranges
over which the animals are normally active in nature . The
ranges do not include injurious high temperature and are ,
therefore , not due to thermal inactivation of molecular
enzymes . Aleksiuk ( 1971 ) has correlated the metabolic
plateaus evident in Thamnophis sirtalis with a compensatory
shift in the activity of lactate dehydrogenase, which probably
results from differential isoenzyme activity at different
temperatures . The possession of a thermally independent
metabolism would free an organism from metabolic fluctuations
with minor changes in body temperature . Many intertidal
invertebrates subjected to rapid temperature fluctuations
have their metabolic rates essentially temperature independent
( Newell , 1969 ) . No obvious differenceswere observed in
thermal preferenda , ecology or phylogeny in reptiles with. A . U
such metabolic independence and those without it ( Bennett
and Davison, 1976 ) .
Crawshaw ( 1 978 ) reviewed on the temperature regulation
in vertebrates that ectotherms activate autonomic thermo -
regulatory responses only at near lethal temperature .
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Dawson ( 1967 ) and Templeton ( 1970 ) reviewed the relationship
between the thermal sensitivity of metablism and thermal
preferandain lizards . Q 10 values lie between 1 . 5 and 3 . 1
and no correlation is apparent between the size of this
value and the extent of thermophily( Dawson , 1967 ) . However ,
metabolic rates of cold - tolerant species undergo relatively
less retardation than the heat - tolerant ones ( Vance , 1959
Dawson , 1967 ) , Based on the studies on Dipsosaurusdorsalis ,
Crotaphytus collaris , Eumeces obsoletus and Gerrhonotus
multicarinatus, Dawson ( 1967 ) and Templeton ( 1970 ) found
that lizards with high thermal preferenda tend to have
lower metabolic rates at higher temperatures than those
with low preferenda . To confirm the above findings , Bennett
and Dawson ( 1976 ) collected diurnal metabolic measurements
on nineteen species of lizards resting at their respective
referred body temperatures or at temperatures observed
in individuals active in nature . After adjustment for
differences in body weight among the animals , if resting
metabolism were compensated for preferred body temperature ,
the metabolic rates should come near to each other . Then
resting metabolic rates at the thermal preferandum would
be essentially independent of temperature . But if no
metabolic adjustment to preferred body temperature has
occurred , a significant thermal dependence of metabolic
rate with a Q 10 similar to those reported for lizards as
a group should exist , An intermediate condition would
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indicate partial compensation. They concluded that little,
if any, adjustment of resting metabolic rate to preferred
levels of body temperature occurred in the lizards. Metabolic
rate at any temperature is primarily a function of body
weight; the resting metabolic rate having b not adjusted
to preferred body temperature does not exclude the possibilities
of thermal compensation of other metabolic functions.
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B. Thermal acclimation:
Many poikilotherins demonstrate metabolic adjustments
to their thermal regime. When the animals are transferred
from one temperature to another, their metabolic rates
change a:iidording to the normal Van't Hoff effect, i.e. the
rates increase or decrease with the increase or decrease of
temperature respectively. However, compensation for temp-
erature may occur with continued exposure to the new
environment. The metabolic rate may return towards the
level that prevailed at the previous temperature. Such a
process is called thermal acclimation (Fry and Hochachka,
1971). If metabolic rate returns to the former level,
acclimation is complete incomplete return is called partial
acclimation.
Absence of thermal acclimation has been reported in
Phrynosoma mcalli (Mayhew, 1965), Python reticulatus
(Vinegar et al., 1970) and Sceloporus occidentalis (Barlett,
1970), despite changes in the thermal environment. Correlation
of metabolic rate with acclimation has been reported in the
following species: Urosaurus ornatus (Vance, 1953), Sceloporus
occidentalis (Dawson and Bartholomew, 1956), Lacerta spp.
(Gelineo and Gelineo, 1955a, b Gelineo, 1967a, b), Anolis
carolinensis (Maher and Levedahi, 1959), Thamn_ophis spp.
(Stewart, 1965 Jacobson and Whitford, 1970), Uta mearnsi
(Murrish and Vance, 1968), Diadophis punctatus (Buikema
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and Armitage, 1969), Matrix rhombifera (Jacobson and Whitford,
1970), and Python rnolurus (Vinegar et al., 1970) and Podarcis
hispanica, Psammodromus hispanicus, Lacerta vivipara and
Anguis fragilis (Patterson and Davies, 1978). Acclimation
of metabolism to temperature is possible in reptiles, but
is generally incomplete. For the genus Lacerta, after two
or three weeks of transfer to other temperatures, Gelineo
and Gelineo (1955a, b) found partial (40--50%) metabolic
compensation in L. mu_ ralis and L. sicula and complete
metabolic compensation in L. melisellensis and L. oxycephala.
Complete acclimation has not been observed in any other
species of reptile. Anolis carolinensis undergo partial
metabolic compensation (50%) within three weeks at a new
temperature (lNiaher and Levedahl, 1959). A specimen of
Python malorus showed 57% acclimation within two weeks
(Vinegar et al., 1970).
In the in vitro studies, Hoskins and Aleksiuk (1973a)
investigated the effect of temperature on the Darter
snakes Thamnophis sirtalis parietalis and T. sirtalis concinnus,
cold and warm temperature forms respectively. In T. sirtalis
parietalis, cold acclimation increases the metabolic rate
of cardiac muscle and decreases that of liver at low
temperatures. Increases in metabolic rate in skeletal
muscle by cold acclimation during summer but not during
winter. In T. sirtalis concinnus, cold acclimation causes a
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decrease in metabolic rates of skeletal muscle and liver .
Although acclimation of rates of oxygen consumption
to temperature appears to require approximately two weeks ,
changes in preferred body temperature and critical thermal
maximum may be completedwithina day or two after transfer
of the animals to new conditions ( Ballinger and Schrank ,
1970 Mayhew and Weintraub, 1971 ) .
Reptiles in the laboratory have acclimation responses
which resembleother groups of animals , e . g . fish ( Fry and
Hochachka , 1971 ) . Relatively little is known about the
factors involved in the production of seasonal differences
in squamate reptiles in the field . The ability of various
tissues of Thamno his sirtalis to acclimate metabolically
varies seasonally ( Hoskins and Aleksiuk , 1973 a ) . Roberts
( 1966 ) reported that lowering of metabolic levels in response
to reduced body temperature in winter is quite the reverse
of the usual acclimation response when measured under
identical conditions , on animal acclimated to a lower
temperature normally has a metabolic rate exceeding that
of one acclimated to a higher temperature. Uta stanb ri
has a higher metabolic rate at a given temperature in winter
than in summer ( Roberts , 1968 a ) , this contrastswith its
earlier study ( Roberts , 1966 ) in which metabolic level
remained stable between winter and summer .
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Body temperature measured over the portion of the year
in which a species is active tend to remain remarkably
constant, seasonal changes in body temperatures employed
during activity have been demonstrated in relatively few
species of reptiles. These include the lizards, Sceloporus
orcutti (Mayhew, 1963; Mayhew and Weintraub, 1971),
Trachydosaurus rugosus (Warburg, 1965), Sceloporus occidentalis
(McGinnis, 1966) and Uta stansburiana (Roberts, 1966).
Body temperature is lower during winter or early spring.
than during rest of the year. However, Halpern and Lowe
(1968) found no seasonal difference in body temperatures
of active Uta stansburiana.
Seasonal alternation or stability of body temperature
during activity, of preferred body temperature, or of
critical thermal maxima cannot be regarded as a conclusive
evidence for the presence of absence of metabolic acclimation
to temperature in reptiles (Bennett and Dawson, 1976).
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C. Food:
Benedict (1932) found that metabolic rate in large
snakes (Python, Boa and Dr marchon) increased three- to
seven-fold within one or two days after a meal of small
mammals. Metabolism returned to the preingestion level
within a week, carbohydrates eaten by Testudo produced a
double metabolic rate within a few hours and recovered
within two days (Benedict, 1932). Metabolism increased
32% in Uta stansburiana after being fed a meal of mealworm
larvae and required one day for recovery (Roberts, 1968a).
Therefore one or two days of fasting seem to be sufficient
to obtain the post-absorptive condition for metabolic
determination, except in large, carnivorous reptiles.
Short term starvation appears not to alter resting metabolic
rate, for weight-specific metabolism after feeding ramains
constant over at least ten days in Gopherus and Testudo
(Benedict, 1932) and over at least two weeks in Uta (Roberts,
1968a). Prolonged fasting for more than 100 days decreases
the metabolic rate by one-third in Python (Benedict, 1932)
and one-half in Sternotherus (Belkin, 1965).
Several attempts have been made to correlate diet and
metabolic functions in reptiles. Bennett (1971, 1972)
found that the carnivorous lizard Varanus gouldii has
greater stamina and superior physiological capacities than
the herbivorous lizard Sauromalus hispidus. Pough (1971,
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1973) suggested that metabolic rate is an important
determinant of diet in members of several lizard families
particularly the Agamidae, Gerrhosauridae, Iguanidae and
Scincidae. Lizards less than 50-100 g. are generally
carnivorous (or insectivorous) and animals larger than
300 g, even of the same species, are herbivorous. Although
smaller animals have a higher weight-specific metabolic
rate than larger animals, their total metabolic rate is
lower. Energetic demands in smaller animals can thus be
met with a diet of insects. Larger animals must switch
to more abundant vegetable matter, which does not require
as much energy to harvest, to meet their higher total
caloric demands. Large carnivorous lizards of various
families (Anguidae, Chamaeleonidae, Helodermatidae,
Teiidae, Varavidae) possess morphological or physiological
specializations for the acquisition of larger prey.
A well-fed reptile shows a rise in preferred temperature
(Regal, 1966, 1967; Kitchell, 1969; Gatten, 1974).
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D. Circadian oscillations of metabolism:
Circadian patterns in activity have been reported
for reptiles (Heath, 1962 Evans, 1966 Saint Girons, 1971)
but their metabolic correlates have received relatively
little attention. Kramer (1931) reported that stable,
low metabolic rates in Lacerta occured only at night
measurement of the animals in darkened chambers during the
day-did not produce minimal reading. Dmi'el (1970) has
detected a possible circadian rhythm in the metabolism of
snake embryos. Roberts (1968a) found that Uta stansburiana
has nocturnal metabolic rates one-half to one-third of
diurnal ones measured under identical conditions of
darkness and fasting. In diurnal lizards, diel variation
in rates of oxygen consumption and activity state are
correlated, being maximal during the day and minimal at
night (Roberts, 1968a Songdahl and Hutchison,1972
Bennett and Dawson, 1976 Cragg, 1978 Mantz, 1979).
Nocturnal measurements of Uta stanburiana were considerably
less variable than diurnal ones. Circadian fluctuations
in metabolism have also been demonstrated in Sceloporus
cyanogenys-(Songdahl and Hutchison, 1972). Metabolism in
this lizard is higher during the light phase and during
light-dark transitions than during the nocturnal phase of
the daily cycle. Parietalectomy and blinding do not affect
these differences. Circadian rhythms also occur in
Xantusia henshawi and nocturnal metabolism reaches as
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little as 30% of diurnal values (Mantz and Case, 1974).
Circadian oscillations of metabolism in reptiles appear
to have quite large amplitudes and these may allow
significant conservation of energy during the inactive
phase of the animal's daily cycle. Recently Feder and
Feder (1981) reported on the occurrence of the diel
variations of oxygen consumption in three species of
Philippine gekkonid lizard, Cosymbotus platyurus, Hemidactylus
frenatus and Lepidodactylus, though these animals were
nocturnal and showed higher oxygen consumption rate which




Juvenile Amphibolurus ornatus (Dawson et al., 1966)
and SceloDorus cyanogenys (Wilhoft, 1966) have metabolic
rates 12% below predicted levels for adult lizards of
similar size. In March and April, juvenile Uta stansburiana
are at metabolic levels similar to those that of adults
of similar size (Roberts, 1968a). However, during July,
the rates are erratic and generally show a 28% greater than
those of the adults. Dmi'el (1970) measured the oxygen
consumption of five species of hatching snakes. The
metabolic rates of these young snakes were found to exceed
the values from the equations suggested by Bennett and
Dawson (1976) by an average of 11%. It is often difficult
to determine the contribution of activity to such increase
for small animals (Zarrow and Pomerat, 1937) for small




Metabolism does not differ between spring and fall
in pitophis melanoleucus sayi (Baldwin, 1928), Metabolic
rate does not vary seasonally in Lacerta oxycephala (Gelineo,
1967)3 these lizards live on the islands of the Adriatic
Sea ahd do not hibernate. Between winter and summer,
metabolic level does not differ in Sceloporus occidentalis,
either in the hibernating population or not. Metabolism
also remains stable or undergoes relative little seasonal
variation in reptiles living in the tropics or subtropics.
Anolis carolinensis has, however, a lower metabolic rate
during spring than at other seasons.
Some temperate zone reptiles show seasonally different
levels of metabolism. Uta stansburiana, non-hibernating
desert lizard at 25°-35°C, has metabolic rates 20% higher
in winter than summer (Roberts, 1968a), but when the animals
are at -5°C to +5°C, seasonal variation of metabolic rates
does not appear (Halpern and Lowe, 1968). In contrast to
the elevation of metabolic rates in winter, Lacerta sicula
(Gelineo, 1967a) and L. vivipara (Weigmann, 1932) have lower
metabolic rates in winter than in summer at a temperature
between 14 to 29 C.
Hibernating Dipsosaurus dorsalis (Moberly, 1963) and
Phrynosoma mcalli (Mayhew, 1965) have metabolic rates 50-
60% of the non-hibernating ones at 300-Lf0°C. Also for
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Xantusia henshaw, rates at February are lower than those
at July (Mautz and Case 1974) Storeria deki has rates
27% lower at 30°C in winter than in spring (Clausen, 1936).
The reduction in metabolic rate may serve to conserve the
energy resources of the reptiles during the cold winter
when minimal maintenance is required. The rate reduction
may, however, be temperature specific, and unlike that at
30-10°C. Dipsosaurus dorsalis and Phrynosoma mcalli have
metabolic rates at 15-25°C similar to those of the non-
hibernating ones (Moberly, 1963; Mayhew, 1965), also at
10°or 20°C, Storeria deka i has rates similar in winter




ROLE OF THYROID GLAND ON
REPTILIAN METABOLISM
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Role of the thyroid gland on Reptilian metabolism
Thyroid hormones appear to have the same function in
the maintenance and stimulation of metabolic rate in
reptiles that it does in mammals (Lynn, 1970 Etkin and
Kim, 1980). In the cold-blooded vertebrates, this effect
is complicated by the temperature of the experimental animals
maintained and the change is temperature dependent (Bartho-
lomew and Tucker, 1964 Aleksiuk, 1971a).
In in vivo studies: thyroxine (T4) increases tine oxygen
consumption rate of,Eumeces fasciatus at 30°C and not at
200 C (Maher, 1965)* Similar results were found on Anolis
carolinensis (Maher and Levedahl, 1959), Lacerta muralis
(Maher, 1961) and Sceloporus cyanogenys (Wilhoft, 1966).
For the in vitro studies, thyroxine injections increase
metabolism in liver tissue of Hemidactylus bowringii and
Ptyas korros (Wong et al., 1975). From the above mentioned
species, thyroxine seems to be only effective in increasing
metabolism when body temperatures were near their preferred
thermal levels (30°C or above), having no significant effect
at lower environmental or body temperatures (20°C or below).
Injection of TSH and T4 together is unable to increase liver
and kidney tissue oxygen consumption values at temperatures
200C or lower on Sceloporus cyanogenys (Walker, 1973).
Increased ambient temperature also reportedly causes a rise
in secretory activity by saurian thyroid glands (Eggert, 1936)
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Such thermal dependence may be responsible for the lack of
response of turtle to thyroxine (Drexler and Issebutz, 1935).
Also in alligators dried pituitary powder, but not thyroid
causes a rise in metabolic rate at 280C (Coulson
gland powder,
and Hernandez, 1964)0
Thyroidectomy, either surgical or chemical, causes
a decrease of 18-86% in resting metabolic rate of lizards
at 30°C (Maher and Levedahl, 1959 Maher, 1965 Wilhoft,
1966 Chandola t al., 197k Wong t al., 1975). Turner
and Tipton (1972) studied the effect of acclimation
temperature on the metabolism response of water snakes,
Natrix rhombifera, liver tissue to thyroidectomy and
hyperthyroidism. Changes in oxygen consumption due to,-:
above treatment can only be observed at 32°C but not
the
at 15 °C, similar-to the results of Wong et al. (1975)
where significant increases in oxygen consumption resulted
when Hemidactylus bowringii and Ptyas korros were kept at
and above 30°C.
The reduction of oxygen consumption due to thyroidectomy
is similar to that reported for individual tissues in
thyroidectomized rats (Barker, 1960. It thus appears
the reptiles are not simply 'mammals with hypothyroidism',
but that the thyroid gland is actively involved in
metabolism of these lower vertebrates to approximately
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THE TOKAY (GEKKO GECKO L.)
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A. Introduction:
Oxygen consumption measurement provides a simple and
indirect mean of estimating the energy requirements of
aerobic organisms. They also furnish information on the
metabolic effect of physiological changes taking place
within an animal in response to variations in the natural
environment or in imposed experimental conditions. Since
oxygen consumption measurements are easily made on intact
animals, they are offerred as evidence for physiological
changes in a wide variety of experiments. Regnault and
Reiset (1849) were the first to report on metabolic measure-
ments in a reptile, a saurian, Lacerta trilineata on its
daily average oxygen consumption. Up till now more than
sixty-five species of saurians have)been studied and mostly
on their resting metabolic rates.
Few studies have been carried out on gekkonid lizards,
since these lizards are nocturnal ones. Those reports on
the gekkonids are mainly on the diel variation of their
activities and metabolic rates (Evans, 1966; Bustard, 1967;
Mautz and Case, 1974; Feder and Feder, 1981). In the
most recent study, the diel variations of oxygen consumption
of three species of gekkonid lizard, Cosymbotus platyurus,
Hemidactylus frenatus and Lepidodactylus lugubus were
examined (Feder and Feder, 1981). In in vitro studies, the
effect of temperature on the house gekko Hemidactylus
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bowringii was also reported (Wong et al... 1975).
It is well documented that administration of thyroid
hormones to homoiotherms increases the oxygen consumption
of the animal (Komaromi, 1965 Buchanan et g1., 1972
Hassinen et al., 1971). In the poikilothermic vertebrates,
this effect is often complicated by the temperature in
which the experimental animals are maintained (Maher, 1965
Wilhoft, 1966 Buikema and Armitage, 1969 Turner and Tipton,.
1972). In the frog, Rana pipiens, McNabb (1969) found
that oxygen consumption is higher at 30°C than 18°C. In
Rana tigrina, Chiu and Tong (1979) found that oxygen
consumption is higher at 250C than 15°C, In vivo studies
in lizards, Anolis carolinensis and Eumeces fasciatus
(Maher and Levedahl, 1959 Maher, 1965) and in vitro studies
in the lizard, E. obsoletus, Calotes versicolor, and
Hemidactylus bowringii (Maher, 1964 Chandola et al.,. 1974
Wong et al., 1975) clearly demonstrated that an increase
in oxygen consumption (i.e. a positive response) is'
evident if the temperature of the experiment is at 30°C.
At 20°C, the tissue/animal fails to show any increase
in oxygen consumption (i.e. a negative response). Wilhoft
(1966) maintained Sceloporus cyanogenys in a thermal
gradient from 12° to 60°C, and showed that the most




Thyroidectomy, either surgical or chemical, causes a
decrease of 18-43% in resting metabolic rate of lizards at
300C in Anolis carolinensis, Sceloporus cyanogenys and
Eumeces fasciatus (Maher and Levedahl, 1959; Maher, 1965;
Wilhoft, 1966) and a decrease of 45-86% in Calotes versicolor
and Hemidactylus bowringii in vitro (Chandola et al., 1974;
Wong et al., 1975).
In this present study, the relation of temperature and
the thyroid gland on oxygen consumption of the tokay Gekko
gecko is examined.
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B. Materials and methods:
The tokay Gekko gecko (Fig. 1) of both sexes were used.
The geckos were purchased from a local snake shop, which
were imported from Thailand. The animals were put into
a constant temperature room or chamber of two animals in
one small cage of size 20cm x 19cm x 15cm at least one week
before start of experiment. Water was provided ad libitum
and they were fed with grasshoppers except a two-day period
before oxygen consumption measurements were taken (Coulson
and Hernandez, 1980,see also review by Bennett and Dawson,
1976). At the end of treatment, the animals were placed in
the horizontal respirometers or volumeters individually
maintained at the same experimental temperatures for the
oxygen consumption measurements.
The horizontal volumeters or the black boxes used in
this experiment (Fig. 2) were designed by me and made by
the mechanical workshop of the Science Center of the
University. They were perspex plastic boxes of dimension
22cm x 10cm x 10cm with a soda lime compartment inside for
the absorption of carbon dioxide expired from the animals
i.e. an air space of about 2.2 1 was available for the
animal during the measurements. The round cap can be secured
firmly (air-tight) by screws to the chamber by introducing
a rubber ring in betwe-ei. Two outlets, one at the cap and
one at the other end of the volumeter for the flushing
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process with oxygen or air. The boxes were covered with
black paints to minimize external disturbance to the animals.
'Carbosorb' soda lime (BDH Chemicals) was used to absorb the
carbon dioxide expired from the animals during the measurements.
It has a high efficiency to absorb carbon dioxide. This has
been shown in a preliminary experiment when the volumeter was
flushed with 95% oxygen and 5% carbon dioxide. A rapid
movement of the manometer fluid drop towards the chamber was
observed. Furthermore, 250 grams of soda lime was used to
measure oxygen consumption rates of ten animals, at the end
of which new batches of soda lime would be used.
Animals were put on a light dark cycle of LD 12:12
during the treatments. Since the animals were nocturnal
lizards, to avoid the activity or movement of animals inside
the volumeters during the scotophase, all measurements were
made during the photophase. The oxygen consumption was
measured and calculated according to the method of Deavers
(1972) (see also review by 'McDonald (1976)).
In this study, the animals were placed individually in
the volumeter half an hour before the start of measurements
for equilibration (Putnam, 1978). After securing the air
tight cap, the volumeter was flushed for half a minute with
oxygen and the outlets were open to enable thermoequilibr late
of the gas inside to outside for half an hour. Then one
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end of the volumeter was connected to a one ml pipette
which was placed horizontally on the volumeter. The other
end was connected to a 20 ml glass syringe (Fig. 3).
At the start. of the oxygen consumption measurement,
the piston of the syringe was pushed to the 10 ml position
and a drop of manometer fluid was introduced into the
pipette. The piston of the syringe was pulled out to make
the drop of manometer fluid to move to the 0.5 ml position
of the pipette (Fig. 3). An electronic stop watch was
used to give alarm signals for the 2 minutes interval
measurements of oxygen uptakes. After each measurement,
the drop was restored to the 0.5 ml position by pushing or
pulling of the piston. A total of 20 measurements was
made for each animal. To avoid the possible movement of
the drop of manometer fluid into the inside of the volumeter,
two one ml pipettes were joined together to increase the
running space of the fluid droplet.
For optimum manipulation of the set up and to achieve
reasonable accuracy of the readings recorded, only three
animals could be measured each time with an empty volumeter
as the control thermo-barometer for any fluctuation of
temperature and pressure during the measurements (Fig. 4),
Fig. 1 Dorsal view of a tokay, Gekko gecko L.
Fig. 2 The cap, rubber ring and the animal chamber
of the volumeter
1 2 3 4 5 6 7 8
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Fig. 3 Volumeter with the cap screwed in and the
pipette and syringe attached
Fig. 4 Three volumeters with animals and one
volumeter as the control thermobarometer




The effect of temperature on oxygen consumption rate
of intact normal tokay Gekko gecko was examined.
The effects-of keeping geckos at two temperatures, 20°C,
320C and at ambient temperature (18°- 26°C) were studied
in this experiment. Animals were divided into three
groups of ten animals each. Group 1 animals were placed
in the cages in the constant temperature room at 20°C
for one week. Group 2 animals were placed in the cages
in the constarnt temperature chamber at 32°C for one week,
after which period their oxygen consumption rate was
measured. Group 3 animals were placed in the cages
located outside the Science Center at ambient temperature
(18- 26°C) for one week before oxygen consumption
measurements. Geckos which died during acclimation
would be replaced by a pool of normal intact animals
maintained at ambient temperature to make up ten animals
per group. After all the oxygen consumption measurements
were taken for the three groups, the animals were used
for Experiment A-3.
Oxygen consumption rates at 20°C and ambient temperature
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(mean= 22°C, adjusted to 20°C with a Q10 of 2.87) were
used to compare with the values calculated from the weight-
specific regression equations at 20°C described by Bennett
and Dawson (1976). Those at 32°C was adjusted with a Q10
of 2.12 to 30°C for comparison with the values calculated




The effect of temperature on the oxygen consumption
rate of intact normal tokay Gekko ecko is shown in Table
3-1. Compared with Group 1, animals of Group 2 at 32°C
showed a statistically significant increase (P<0.01) as
compared to the 20 °C animals.
For Group 3 animals, the oxygen consumption rate was
again 37% higher than those animals at 20°C of Group 1, the
difference is statistically significant. The oxygen consumption
values of Group 2 and 3 (at 32°C and ambient temperature
respectively) are similar.
When the oxygen consumption rates of the intact animals
were calculated from the weight-specific regression equations
(Bennett and Dawson, 1976), it is found that they were 20.31%,
69.55% and 28.37% higher than those obtained in the present
experiments at 20°C, 32°C and ambient temperature respectively
(Table 3-2).
Group Temperature °C Number of Animals Oxygen Consumption (ml of Oghr)
1- 20 10(1) 0.035+ 0.003
2 32 10 0.058+ 0.007
3 AT 1 0 0.056+ 0.005
Table 3-1: Temperature effect on oxygen consumption rate of normal intact
Gekko gecko L. (Mean+ SEM).
it number in parenthesis indicate no, of animals died during the
experimental period
20°C vs 32°C P0.01
vs AT P 0.01


















20 47.60 0.0353 0.0353(20) 0.0443(20)- 20.31
32 34.64 0.0575 0.0400(30) 0.1314(30)- 69.55
AT 33.46 0.0560 0.0356(20) 0.0475(20)- 28.37
Table 3-2: Weight-specific relationship of intact normal Gekko gecko L.
at 20°C- 32°C and ambient temperature (18°C- 26°C)
use a Q10 of 2.87 at 20°- 30°C, 2.12 at 30°C- 32°C
from weight-specific equations of Bennett and Dawson (1976)
it- number in parenthesis is the adjusted temperature
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Experiment A-2
The relation of temperature and the thyroid gland on
oxygen consumption of the tokay C kko gecko was examined.
The temperatures chosen were 20o, 24o, 32o, 34o, 36o, 38o,C and
the ambient temperature (i.e. 18- 26°C). Four groups of
ten animals each were used for each experimental temperature.
After acclimatized at the temperature for one week, the
four groups received the following treatments:
Group 1: Sham-thyroidectomized
Group 2: Thyroidectomized
Group 3: Thyroidectomized and injected s.c. with 16 g
of,thyroxine/1 00g body weight in 0.1 ml of
dilute NaOH per day (see below for the exact conc.)
Group 4: Thyroidectomized and were injected with an equal
volume of 0.2 ml/100g body weight of the vehicle
per day.
The above treatments lasted for seven days, at the end
of which oxygen consumption measurements were performed on
the experimental animals. In view of the limited supply of
gecko, sham-operations were not available for certain temp-
eratures (see Table 3-3 to 3-9). At temperatures of 20oC,
320C and ambient, I the oxygen consumption measurements were
also performed on, and thus the treatment continued to the
fourteenth day.
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Sham thyroidectomy/thyroidectomy was performed under
anesthetization with an i.m. injection of nembutal (Abbott
Lab. 2 mg/100g body weight) according to the methods described
by Chiu (1968), Chiu and Lynn (1970) and Chiu and Phillips
(1971). The animal was placed in the supine position on
a board with electric wires to secure the four limbs tightly
on the board. The thyroid gland was located a short distance
anterior to the pectoral girdle, in a superficial position.
A short, single transverse incision was made in the neck
and the thyroid gland was removed. Sham-thyroidectomy was
performed in a similar way except that the operation was
taken to the point where the gland was exposed but not removed.
The incision was sutured with needle and thread and the
animals were returned to their cages, The whole operation
took less than 20 minutes.
Thyroxine (L-thyroxine, Sigma Co.) was prepared for
injection as described by Chiu (1968) and Chiu and Lynn
(1971). 20mg thyroxine was dissolved in 0.4 ml of 0.1 N
sodium hydroxide, then immediately diluted to 250 ml with
distilled-water to a final concentration of 80Jug T4 per ml
in a vehicle of 0.00016 N sodium hydroxide. A solution for
control injection (Group 4) was prepared by diluting 0.4 ml
of 0.1 N sodium hydroxide to 250 ml with distilled water.
All the injections were given subcutaneously in the left
flank of the animals.
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Oxygen consumption measurements were made at the same
temperature'of the experimental animals except the ambient
temperature groups of animals. In the latter animals, the
oxygen consumption rates were measured at a mean room temp-
erature of 22°C. The oxygen consumption rates were expressed
as ml of 02/g B. wt./hr and the volumes of 02 were all
converted to s.t.p. values for the sake of comparison.
The animals remained after all the oxygen consumption
measurements were placed at ambient temperatures for other
experiments, e.g., to observe the effect of hypophysectomy




The effect of thyroidectomy and hormone therapy on
oxygen consumption rate of tokay Gekko gecko at different
temperatures after seven days (one week) of treatment are
shown in Tables 3-3 to 3-9.
At 20°C, there was no significant difference in oxygen
consumption rate after thyroidectomy (Group 2) as compared
to the sham-operated ones (Group 1, Table 3-3). Administration
of thyroxine to the thyroidectomized animals (Group 4) also
showed no increase in the oxygen consumption rate. As
compared with the results from Experiment A-1 (Table 3-1).
sham-operation (Group 1) increased the oxygen consumption
rate significantly (P 0.05) in the intact animals.
At 24°C, there was no sham-thyroidectomized animals
(Table 3-4). There was no significant difference in oxygen
consumption rates with the administration of thyroxine to
the thyroidectomized tokay (Group 3) as compared to the
thyroidectomized animals (Group 1) and thyroidectomized
animals receiving sodium hydroxide injections (Group 2).
At 32°C (Table 3-5), thyroidectomy (Group 2) did not
produce any significant difference in oxygen consumption
rate with the sham-operated animals (Group 1). Nor the
injections of thyroxine to the thyroidectomized animals
(Group J+) increased the oxygen consumption rate as compared
to Group 3 animals having sodium hydroxide injection.
At 3°C, there was no sham-thyroidectomized animals
(Table 3-6). A statistically significant increase (P 0.05!
in oxygen consumption rate (about 66%) after administration
of thyroxine to the thyroidectomized animals (Group 3)
was observed as compared to the NaOH group (Group 2).
At 36°C, there was also no sham-operated animals
(Table 3-7). Similar to that of 3+°C, a statistically
significant increase (P0.05) in oxygen consumption rate
(about 82%) was observed after administration of thyroxine
(Group 3)•
At 38°C, there was also no sham-operated animals
(Table 3-8). Administration of thyroxine (Group k) to
the thyroidectomized animals did not show any significant
increase or decrease of oxygen consumption rate.
The ambient temperature was about 18°C to 26°C.
Thyroidectomy (Group 2) did show a 26% decrease in oxygen
consumption rate (see Table 3-9) though not statistically
significant as compared to the sham-operated animals
(Group 1). Administration of thyroxine to the thyroidectomized
animals (Group f) showed a significant increase (P 0.05)
in oxygen consumption rate as compared to the animals with
NaOH injection (Group 3)- The latter group was unique among
all the different temperatures used; NaOH injection produced
a significant decrease in oxygen consumption rate (P0.05)
as compared to the thyroidectomized animals (Group 2).
From the result of Experiment A-l (Table 3-1) sham operation
did not produce any change in oxygen consumption rate as
compared to the normal intact group.XT
The effects of thyroidectomy and hormone therapy on
oxygen consumption rate of tokay 1 ckko gecko at 20°, 32°C
and ambient temperature, after treatment of fourteen days,
depends on the experimental temperatures are:
At 20°C, prolonged treatment showed an overall decrease
for all the groups (Table 3-3) as compared to the results
with treatment of seven days (Table 3-3) though the decrease
was not statistically significant. There was no significant
difference in oxygen consumption rate among all the groups
after treatment of fourteen days.
At 32°C, prolonged treatment in contrast showed an
overall increase among all the groups (Table 3-3) as
compared to results of seven days treatment (Table 3-3)
the thyroidectomized animals (Group 2) showed a significant
increase in oxygen consumption rate (P0.001), prolonged
injection of thyroxine showed a significant decrease in
oxygen consumption rate (P 0.001).
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At ambient temperature prolonged treatment showed an
overall decrease in oxygen consumption rate for all the
treatment groups (Table 3-9) but only the sham-thyroidectomized
animals (Group 1) showed a significant decrease (P 0.01)
of 58%.
Group Treatment Number of Animals





1 Tx S1 10 1 0.049 ji 0.005 0.041 0.005
2 «px' 1 10 10 O.O48+ 0.009 0.044 1 0.006
3 Tx+ Na0H,M- 10 0.045± 0.007
4 Tx+ T, 1 1 f 1 10 10 0.055+ 0.008 0.039+ 0.005
4
Table 3-3: Effect of thyroidectomy and hormone therapy on oxygen consumption of
Gekko gecko L. at 20°C (mean+ SEM)
f sham thyroidectomized
11 thyroidectomized
1,1 thyroidectomized with daily sodium hydroxide injection (0.2 ral100g B. wt)
1111 thyroidectomized with daily thyroxine injection 0 6j-ig T1 OOg B. wt)
no data were taken
Group 1 vs Group 2 P= NS
Group 3 vs Group 4 P= NS
Group Treatment Number of Animals Oxygen Consumption (ml of 02ghr)
1 Tx 10 0.056+ 0.003
2 Tx+ NaOH 10(33 0.045± 0.007
3 Tx+ T
10 0.053 1 0.005
Table 3-4: Effect of thyroidectomy and hormone therapy on oxygen consumption
of Gekko gecko L. at 24°C for one week (mean± SEM)
Group Treatment Number of Animals
one week two weeks
Oxygen Consumption (ml of 02ghr)
one week two weeks
1 TxS 10(5) 10(5) 0.054 i 0.006 0.076+ 0.032
2 Tx 10(2) 10(3) 0.07k 1 0.012 0.125± 0.020
3 Tx+ NaOH 10(1) 10(2) 0.070+ 0.010 0.100+ 0.015
4 Tx+ T 10(3) 10(4) 0.060+ 0.008 0.060+ 0.009
Table 3-5: Effect of thyroidectomy and hormone therapy on oxygen consumption
of Gekko ffecko L. at 32°C (mean± SEM)
one week Group 2 vs Group 1 P= NS
Group 4 vs Group 3 P= NS
two weeks Group 2 v3 Group 1 P 0.02
nnri L v.q rTrnnn P 0.001«•» w —j- v K. J s A. w p w I
Group 2(1 wk) vs Group 2(2 wk) P 0.001
» Group 3(1 wk) vs Group 3(2 wk) P 0.001
Group Treatment Number of Animals Oxygen Consumption (ml of Oghr)
1 Tx 10(3) 0.048+ 0.008
2 Tx+ NaOH 0.033+ 0.006
3 Tx+ T, i nepi 0.055+ 0.008
Table 3-6: Effect of thyroidectomy and hormone therapy on oxygen consumption
of Gekko ftecko L. at 3°C for one week (mean+ SEM)
Group 2 vs Group 3 P0.05
Group Treatment Number of Animals Oxygen Consumption (ml of Oghr)
1 Tx 10(1) 0.06+ 0.010
2 Tx+ NaOH 10(2) O.Oi+1+ 0.005
3 Tx+ T,
4
10(1) 0.075 i 0.013
Table 3-7: Effect of thyroidectomy and hormone therapy on oxygen consumption
of Gekko gecko L. at 36°C for one week (mean+ SEM)
Group 2 vs Group 3 P0.05
Group Treatment Number of Animals Oxygen Consumption (ml of Oghr)
1 Tx 10(2) 0.045+ 0.007
2 Tx+ NaOH 10(1) 0.048+ 0.006
3 Tx+ T, 10 0.042+ 0.008
Table 5-8: Effect of thyroidectomy and hormone therapy on oxygen consumption
of Gekko gecko L. at 58°C for one week (mean+ SEM)
Group 3 vs Group 2 P= NS
Group Treatment Number of Animals
one week two weeks
Oxygen Consumption (ml of Oghr)
one week two weeks
! tx S 10 10 0.057+ 0.009 0.024+ 0.003
2 Tx 10(2) 10(4) 0.042+ 0.006 0.032+ 0.005
3 Tx+ NaOII 10(1) 10(3) 0.024+ 0.003 0.020+ 0.003
4 Tx+ T, 10(2) 10(5) 0.041+ 0.007 0.037+ 0.012
Table 3-9: Effect of thyroidectomy and hormone therapy on oxygen consumption
of Gekko gecko L. at ambient temperature (mean+ SEM)
Group 2 vs Group 1 P= NS
Group 3 vs Group 2 P 0.05
vs Group 4 P 0.05
Tx S 1 wk vs Tx S 2 wk P 0.01
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Experiment A-3
The effect of exogenous thyroxine injection at
different temperatures on oxygen consumption of intact
t okay Gekko pe= was examined. Due to the shortage of
the supply of experimental animals and the availability
of constant temperature room/chamber, the animals from
Experiment A-1 were used, the effect of thyroxine injection
at temperatures of 24° and 32°C were examined in the
absence of vehicle-injected groups (see Appendix 2).
After oxygen consumption measurements of the animals
in Experiment A-1 at each temperature, they received
daily injection of 16ug/10Og B. wt. of thyroxine for
seven days (see Group 3 in Experiment A-2) before oxygen
consumption measurements were performed.
As the limited number of animals available did not
allow the observation of the possible effect of injection
vehicle (NaOH) on the intact animal during the experimental
period, in July, 1981, when another batch of gecko were
available, an experiment was performed to see the effect
of injection of NaOH on the oxygen consumption in the intact




The effect of thyroxine injections on oxygen consumption
rate of tokay Gekko gecko is shown in Table 3-10. Compared
with the results of intact normal animal without thyroxine
injection, both Group 1 and Group 2 animals did not show
significant changes in oxygen consumption rate. Also
thyroxine treatments did not produce significant changes
in oxygen consumption rate between these two temperatures
(Table 3-10).









Table 3-10: Temperature effect on oxygen consumption rate of normal
intact Gekko gecko L. receiving thyroxine injection
0 6;ag Tl OOg B. vt.) daily for seven days
data of the normal intact animal vithout T injection
a animals have been placed at 20°C for seven days before
moved to 2A°C, after another seven days, the oxygen
consumption rate are measured
D. Discussion:
1 Week:
The present study showed for whole body oxygen con¬
sumption rate of intact animals, i.e. in vivo. there are
increases in oxygen consumption rate in Gekko gecko with
temperatures which agree with the existing reports (Dawson,
I960; Bartholomew and Tucker, 196.; Prieto and Whit ford,
1971; Morris, 1980). At an ambient temperature (18°C to
26°C), the oxygen consumption rate reaches the level of
that at 32°C. It seems that a fluctuation of daily temp¬
erature from 18°C to 26°C can be used to simulate the
effect of acclimation at 32°C on the oxygen consumption
rate of tokay. Maintaining the animals in environmental
condition within the daily fluctuation of temperature
minimize the stress of the animals to heat but enable
them to maintain high metabolic rate for activity to forage
and thermoregulate inside the cages. The increase of meta¬
bolic rate of lizards due to the increase in temperature
may be of course related to the activity of the thyroid
gland. Eggert (1936) has shown, using histological evidence,
that an increase in environmental temperature causes an
increase in thyroid activity.
The mean oxygen consumption values calculated from
the weight-specific regression equations (see Ch. 2, Sect.
1) are higher than those obtained in this experiment: the
exponent b in the equations, i.e., 0.8 at 20°C and 0.83
at 30°C, must be smaller to describe the tokays. It may
be that a Q1Q of 2.87 between 20 and 30°C and a Q1 Q of
2.12 between 30 and 37°C (Bennett and Dawson, 1976) are
not appropriate for the tokay geckos. The Q-j q may be less
than 2, i.e. the constant a for 30°C should be smaller.
Therefore a smaller Q1q value or a decreasing Q1Q with
increase of temperature is best to describe the geckos.
Such temperature responses have of course been reported
in Cnemidonhorus tigris. Uma notata. Xantusia vigilis
(Cook, 19+9) 9 Crotaphytus collaris (Dawson and Templeton,
1963), Scincella lateralis (Hudson and Bertram, 1966),
Phrynosoma douglassii (Prieto and Vhitford, 1971), P.
mcalli (Mayhew, 1965) and Varanus gouldii (Bennett, 1972).
The role of thyroid hormone on oxygen consumption
rates has been examined in vivo and in vitro in a number of
species of lizards: Anolis carolinensis (Maher and Levedahl,
1959), Eumeces obsoletus (Maher, 196+), E. fasciatus (Maher,
1965) Sceloporus cyanogenys (Wilhoft, 1966, Walker, 1973)5
Calotes versicolor (Chandola et_ al., 1 97f) 9 and Hemidactylus
bowringii (Wong et al., 1975)• The relationship of thyroid
hormone on oxygen consumption in the saurians is often com¬
plicated by the temperature in which the animals are kept;
as it is well documented that changes in the metabolic
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rate of saurians are temperature dependent (Dawson, 1960
Bartholomew and Tucker, 1963; Bartholomew et al., 1965
Dawson and Templeton, 1966; Murrish and Vance, 1 968
Roberts, 1968 Asplund, 1970; Snyder, 1971 Prieto and
Whitford, 1971; Morris, 1980). An increase in oxygen
consumption in general follows the treatment with thyroxine
and a decrease with thyroidectomy when lizards are maintained
at 30°C or higher (Maher and Levedahl, 1959 Maher, 1964,
1965 Wilhoft, 1966 Wong et al., 1975). At 20°C, the
tissue/animal fails to show any increase in oxygen consumption.
Thyroidectomy on tokays at 20°C, 32°C and at ambient
temperature do not produce in the present study any signif-
icant effect on oxygen consumption rates. Based on the
existing data on resting metabolic rate of Anolis carolinensis
(M-aher and Levedahl, 1959), Eumec es fasciatus (Maher, 1 965)
and Sceloporus cyanogenys (Wilhoft, 1966), thyroidectomy
should result in lowering the oxygen consumption rates of
these lizards significantly when experiments are performed
at 30°C or higher, but not at 20°C or lower. Thus the
responses of the animals in this experiment at 20°C and
ambient temperature expectedly agree with the previous
findings, but the absence of any decrease of oxygen con-
sumption in thyroidectomized tokay geckos at 32°C is
rather unexpected. It may be that at 32°C, the tokay
thyroid gland does not actively take part in the deter-
rnination of metabolic rate .-s compared to other lizards
at 30°C: Anolis carolinensis (Haher and Levedahl, 1959)
Liimeces fasciatus (Maher, 1965) and Sceloporus cyanogenys
(Wilhoft, 1 966)• Therefore based on the three temperatures
examined, the thyroid gland does not seem to take part in
the determination of metabolic rate in tokays at a environ¬
mental temperature atbelow 32°C. If the surgical removal
of the thyroid gland is not complete, the thyroid gland
tissue can be regenerated (Turner and Bagnara, 1976) but
treatment of 7 days is too short a period for regeneration
to occur.
Changes in the oxygen consumption rate due to thyroxine
treatment agree with the existing reports (Maher and Levedahl,
1959; Maher, 1 965; Wilhoft, 1966). As compared with the
oxygen consumption rate of thyroidectomised animals receiving
injection of sodium hydroxide, injection of thyroxine shows
a significant increase in the oxygen consumption rate at
3i+° and 36°C. At ambient temperature of 18° to 26°C, the
stimulatory effect of T on oxygen consumption rate of the
thyroidectomized animals is similar to that observed at
3Zf°C or 36°C but it is complicated by the effect at 32°C
or below. This latter temperature regime (32°C) is still
not high enough for the action of thyroxine to play upon
and accordingly no increase in oxygen consumption can be
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seen. At 38°C, the decrease of metabolic rate with injection
of thyroxine may be due to inactivation of the metabolic
enzymes that are sensitive to thyroxine or a high turnover
rate of exogenous thyroxine at such high temperature.
The problem on the effect of thyroxine on resting
metabolic rate of tokay geckos is further complicated by
the apparent inhibitory effect of sodium hydroxide injection
in the oxygen consumption of all the temperatures examined
except 38°C though the differences were not statistically
significant. This is in contrast to Wong gt al.'s (1975)
finding that sodium hydroxide injection seemingly produces
a stimulatory effect in vitro on oxygen consumption rate
of liver tissue in thyoidectornized house geckos Hemidactvlus
boVrrinii.
Administration of thyroid hormone to the intact animals
for one week seems to decrease the oxygen consumption rate
at 24°C and to increase it at 320C. The differences are
not statistically significant however. The present finding
thus differs from previous reports (Maher and Levedahl, 1959
Maher, 1965), However, in the present study there are no
vehicle control groups. In view of a possible inhibitory
effect of NaO11 (see above paragraph and tables), current
experiments are being conducted to examine the effect of
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injection of sodium hydroxide or thyroxine on metabolic
rate of intact tokay geckos. (see Appendix 2).
2 Weeks:
At 20°C, 32°C and ambient temperature, when treatments
are prolonged to 14 days instead of 7 days, tokays at 20°C
and ambient show an overall decrease in oxygen consumption
rate but at J2.°C animals show an increase. At ambient
temperature, only prolonged treatment of sham-operation
produces significant decrease in oxygen consumption rate.
At 32°C, the thyroidectomized animals show a significant
increase in oxygen consumption rate. The stimulatory role
of the thyroid gland on lizards (Kaher and Levedahl, 1959)
cannot be demonstrated in this present study by extending
the period of treatmentobservation for another week. It
should be noted that the effect of prolonged treatment is
complicated by the acclimation problem (see also Appendix
2), the change in the oxygen consumption rates cannot be
solely due to the absence or presence or thyroidal secretion.
From the results of this experiment, it might be con¬
cluded that the thyroid gland does not play an important
role in the determination of metabolic rate in the tokay




THE RAT SNAKE (PTYAS FORPOS SCHLEGEL)
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A. Introduction:
The effect of temperature (Jacobson and Whitford,1970
Aleksiuk, 19?1a Greenwald, 1971 Dmi'el, 1972 Gratz and
Hutchison, 1977 Abe and Mendes, 1980) and thermoregulatory
behavior (Kitchell, 1969 Mierop and Bernard 1978 Lillywhite,
1980) on the resting metabolic rate of snakes on the weight-
specific basis (Dmi'el, 1972) have been intensively studied.
In in vitro studies, the effects of temperature on oxidative
metabolism of various tissue of Natrix rhombifera (Turner
and Tipton, 1972), Thamnophis sirtalis (Hoskins and Aleksiuk,
1973 a) and Ptyas korros (Wong et al., 1975) have also been
reported.
Administration of thyroid hormones to homoiotherms
increases the oxygen consumption of the animal (Komaromi,
1965 Buchanan et al,, 1972 Hassinen et al., 1971). This
in vivo effect of thyroxine injection on the resting metabolic
rate of the ophidians has never been reported and only in
vitro studies are available on Natrix rhombifera (Turner
and Tipton, 1972), Natrix piscator (Thapliyal et al., 1975)
and Ptyas korros (Wong et al., 1975). Turner and Tipton's
data indicate that changes in the oxygen consumption and
cytochrome oxidase activities under thyroxine treatment and
thyroidectomy can only be observed at 32°C but not at 15°C.
At 30°C9 Thapliyal et al. (1975) demonstrated that, thyroidectomy
and thyroxine injection in Natrix result in significant
decreases and increases in oxygen consumption of liver and
skeletal muscle respectively but Wong et al. (1975) failed
to confirm these responses in Ptyas korros. Thus based on
the results on Natrix rhombifera and N. piscator, it might
be said that ophidians and sanrians are similar in their
metabolic responses to thyroid hormones at 30°C or higher
and at 15°C.
From data on shedding frequencies and cyclic epidermal
changes in the squamate reptiles, there are differences in
the process of sloughing between the two suborders of the
squamates (saurians and ophidians) with reference to the
possible roles of the thyroid hormone (see review by Maderson
et al., 1970). Thyroidectomy decreases shedding frequency
in lizards (Chiu et al., 1967; Chiu and Lynn, 1970) but
increases shedding frequency in snakes (Lynn and Chiu, 1969;
Chiu and Lynn, 1970, 1971, 1972). Whether this reflects
on the differences in tissue response to the thyroid
hormone between the lizard and the snake or via changes in
oxygen consumption ascribed to hormonal changes is not
known. Furthermore, in the lizards it has been suggested
that shedding frequency is mediated by metabolic changes
which in turn sire dependent on the thyroid hormone (Maderson
and Chiu, 1979; Chiu and Maderson, 1980). It is pertinent
therefore to examinecompare if the metabolic response to
thyroid hormone is different in these two suborders.
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In this present study, the relation of temperature
and thyroid gland on the resting oxygen consumption rate
of the rat snake Pt as korros is examined.
B. Materials and Methods:
The male rat snake Ptvas korros (fig. 5) vere used.
The snakes were purchased from a local snake shop, which
were imported from China. The animals were put into a constant
temperature room or chamber at least one week before the
start of an experiment. Water was provided ad libitum
and they were not fed.
At the end of treatment, the animals were placed in
the horizontal respirometers or volumeters individually
maintained at the same experimental temperatures for the
oxygen consumption measurements.
In view of the size of the snake, horizontal volumeters
(i.e. the black boxes) used in this experiment were different
in dimensions as those for the tokay and they are 22 cm
longer.
Animals were put on an light-dark cycle of LD 12:12
during the treatment. All measurements were made during
the photophase. The oxygen consumption was measured and
calculated according to the method of Deavers (1972) (see
also review by McDonald, 1976) as described in the previous
section on the tokay.
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The preparation of thyroxine and sodium hydroxide for
injection of Group 3 and Group 4 has been described in
Experiment B-2.
Oxygen consumption measurements were made at the same
temperature of the experimental animals except the ambient
temperature groups of animals. In the latter animals, the
oxygen consumption rates were measured at a mean room
temperature of 25°C. The oxygen consumption rates were
expressed as ml of 02/g body weight/hour and the volumes
of 02 were all converted to s.t.p. values for the sake
of comparison.
Exoeriment B-1
The effect of temperature on oxygen consumption rate
of intact normal rat snake Ptyas korros was examined.
The effect of keeping Ptyas at six temperatures of 20°,
2+°, 32°, 34°j 36°, 38°C and at ambient temperature (24°-30°C)
were studied in this experiment. In view of the facilities
available, the animals were divided into three groups of
six animals each. Group 1 animals were placed in the constant
temperature room at 20°C for one week. After their oxygen
consumption measurements were taken, they were put back to
their cage, the temperature was then increased to 2°C, one
week later their oxygen consumption rates were measured,
after which the temperature was further increased to 3-°C.
Group 2 animals were placed in a constant temperature chamber
at 32°C for one week, after vhich period, their oxygen
consumption rates were measured, then they were put back
to their cages and the temperature was increased to 36°C.
After oxygen consumption rate measurement at 36°C, seven
days later, the temperature was further increased to 38°C
with the same group of animals. Group 3 animals were placed
in the cages located outside the Science Center at ambient
temperature of (2Zf°-30°C) for one week before oxygen
consumption measurements were taken. The protocol could
be presented in the following table:








Oxygen consumption rate at 20 C was used to compare
with the weight-specific metabolic rate equation at 20°C
described by Bennett and Dawson (1976). Those at 32°C and
ambient temperature (mean= 27°C) were adjusted with a
Q Q of 2.23 to 30°C for comparison with the weight-specific
metabolic equation at 30°C described by Bennett and Dawson
(1 976).
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Fig. 5 Dorsal view of a rat snake, Ptyas korros
Results:
The effect of temperature on the oxygen consumption
rate of intact normal rat snake Ptyas korros is shown in
Table 3-11• When comparison were made among Group 1, Group 2
and Group 3 animals at 20°C, 32°C and ambient temperature
respectively, there were no significant difference in oxygen
consumption rates among the three different temperatures
being examined.
Metabolic rates at 20°C, 32°C ana ambient temperature
and those calculated from the weight-specific regression
equations were shown in Table 3-12. The oxygen consumption
values of 2C°C, 32°C and ambient temperature from the
present study were lower: 3.283, 77-783 and 71.793
respectively than those of calculated values from the
weight-specific regression equations described by Bennett
and Dawson (1976).
For Group 1, vith an increase of temperature from
20°C to 2+°C, the animals showed a statistically significant
increase (P 0.01) in oxygen consumption rate (Table 3-11).
When the temperature was further increased to 34°C, no
further increase in oxygen consumption rate was observed.
The oxygen consumption rate at 3f C was expectedly
significantly different (P0.01) from that of the animals
at 20°C.
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For Group 2, there was an increase of oxygen
consumption from 32°C to 34°C and 38°C though not statis-
tically significant. The oxygen consumption rates for
animals at 36°c and 38°C were similar. For Group 3
animals at ambient temperature of (24°-30°C), they have
the lowest mean oxygen consumption rate (0.013) but the
standard error was very large (0.010), showing a great
degree of variability.





























Table 3-11: Temperature effect on oxygen consumption rate of normal intact




































20 207.67 0.023 0.023(20)r 0.035(20)- 3.28
32 175.22 0.026 0.018(30) 0.081(30) -77.78
AT 200.35 0.013 0.022(30) 0.078(30)- 71.79
Table 3-12: Weight-specific relationship of intact normal Ptyas korros
at 20°C- 32°C and ambient temperature (18°C- 30°C)
use a Qjq of 2.23
from weight-specific equations of Bennett and Dawson (1976)
number in parenthesis is the adjusted temperature
Experiment B-2
The relation of temperature and the thyroid gland in
oxygen consumption of the rat snake Ptyas korros was examined.
The temperatureschosen were the same as in experiment
B-1. Four groups of six animals each were used for each
experimental temperature. After being acclimatized at the








Thyroidectomized and injected s.c. with 16pg of
thyroxine1OOg body weight in 0.1 ml of dil. NaOH
per day (refer to Expt. A-2 for the exact concentration:
Thyroidectomized and were injected with an equal
volume of 0.2 ml1 OOg body weight of the vehicle
per day which served as control for Gp. 3
Treated snakes were kept for another seven days, at
the end of which oxygen consumption measurements were
performed on the experimental animals.
Sham thyroidectomythyroidectomy was performed under
anesthetization with an i.m. injection of nembutal (Abbott
Lab., 2 mg1OOg body weight) according to methods described
by Chiu and Lynn (1970).
Results:
The effect of thyroidectomy and hormone therapy on
oxygen consumption rate of rat snake Pt.yas korros at
different temperatures after 7 days of treatment are shown
in Table 3-13 to 3-19.
At 20°C, there was no significant difference in oxygen
consumption rate after thyroidectomy (Gp 2) as compared to
the sham-operated ones (Gp 1) (Table 3-13). Administration
of thyroxine to the thryoidectomized animals (Gp l+) also
showed no significant increase in the oxygen consumption
rate. As compared with the results from Experiment B-1
(Table 3-11)» sham-operation did not have any effect on
oxygen consumption rate at 20°C.
At 2A°C, there was no significant difference between
the thyroidectomized animals (Gp 2) and sham-operated ones
(Gp 1) (Table 3-1-). Administration of thyroxine(Gp L)
did not seem to have any effect on oxygen consumption rate
of the thyroidectomized animals as compared to Gp 3 animals
receiving sodium hydroxide injection.
At 32°C, there was a significant increase of 52-.k% (P0.05)
in oxygen consumption rate in the thyroidectomized animals
(Gp 2) as compared to the sham-operated ones (Gp 1) (Table
3-15). Indeed, the oxygen consumption rate in Gp 1 animals
was lower than any other groups. There was no significant
difference in oxygen consumption rate due to thyroxine or
sodium hydroxide injection in Gp and Gp 3. As compared
with the results from Expt. B-1 (Table 3-11), sham operation
did not show any effect on oxygen consumption rate at 32°C.
At 34°C, similar to the results at 24°C, there was no
significant difference in metabolic rate between thyroidectomized
and sham-operated ones.(Table 3-16)- Administration of
thyroxine did not show any increase or decrease of oxygen
consumption rate (Gp A) as compared with Gp 3 receiving
sodium hydroxide injections.
At 36°C, the results were similar to those at 20°,
2A° and 34°C, thyroidectomy and hormone therapy did not
produce any effect on metabolic rate of the rat snakes
(Table 3-17).
At 38°C, the sham-operated animal all died although
the experiment was repeated (Table 3-18). Thus, there
were 12 dead sham-thyroidectomized snakes. No explanation
can be offered. As sham-thyroidectomized animals were not
available, thyroidectomy (Gp 2) did not seem to have any
difference in oxygen consumption, when comparison was made
with the data of the intact animals from Expt. B-1 (Table 3-11).
Administration of thyroxine to thyroidectomized animals
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(GP 4) at this temperature did not show any significant
change in oxygen consumption rate as compared to the
thyroidectomized animal (Gp 3) receiving sodium hydroxide
injection.
At ambient temperature ranging from 24°C to 30°C
(Table 3-19), the results are similar to those at 200,
24°, 34°, 36° and 38°C. Thyroidectomy (Gp 2) did not
show significant changes in oxygen consumption rate at
this temperature as compared with sham-operated ones (Gp 1).
Also injection of thyroxine to the thyroidectomized animals
(Gp 4) did not show any significant changes in metabolic
rate. As compared with the results from Expt. B-1 (Table
3-11), sham-operation did not show any effect on oxygen
rate of Ptvas at the ambient temperature.


















Table 3-13: Oxygen consumption rate of Ptyas korros under various treatments
at 20°C for one week (mean SEN)
Group 2 vs Group 1
Group 4 vs Group 3
P= NS
P= NS

















Table 3-1+: Oxygen consumption rate of Ptyas korros under various treatments
at 2Z+°C for one week (mean+ SEM)
Group 2 vs Group 1 P= NS
Group 4 vs Group 3 P= NS


















Table 3-15: Oxygen consumption rate of Ptyas korros under various treatments
at 32°C for one week (mean± SET-')























Table 3-1 6: Oxygen consumption rate of Pt.yas korros under various treatments
at 3Zf C for one veek (mean+ SEM)
Group 2 vs Group 1
Group vs Group 3
P= NS
P= NS


















Table 3-17'• Oxygen consumption rate of Ptyas korros under various treatments
at 36°C for one week (mean+ SEM)
Group 2 vs Group 1





















Table 3-18: Oxygen consumption rate of Ptyas korros under various treatments
at 36°C for one week (mean+ SEM)
Group A vs Group 3 P= NS
Group Treatment

















Table 3-19• Oxygen consumption rate of Ptyas korros under various treatments
at ambient temperature for one week (mean+ SEM)
Group 2 vs Group 1
Group l vs Group 3
P= NS
P= NS
Fig. 3-1. Summary of the role of thyroid gland on changes in O2 consumption
rate of Ptyas korros at different temperatures.
D. Discussion:
Since the snakes are only divided into 3 groups in
Experiment B-1, the changes in metabolic rates under diff¬
erent temperatures cannot be compared directly except those
at 20°, 32°C and at ambient temperature. There are no
significant differences in oxygen consumption rates when
the snakes are placed at those temperatures for 7 days.
The fact that the oxygen consumption rates at 20°, and
32°C and at ambient temperature (2+°-30°C) are not signi¬
ficantly different might indicate the possession of
thermally independent metabolism in Ptyas which would free
the organism from metabolic fluctuations within a short
period of time with changes in environmental temperature.
Dawson and Bartholomew (1956) suggest that this indicates
a tendency towards homeostasis in the ophidian species.
When the weight-specific relationship was considered
at 20°, 32°C and at ambient (2+°-30°C), the calculated
oxygen consumption values are all higher than those of
the present study. The calculated values at J0°C are
about twice as great as that at 20°C, but no such relation¬
ship is observed among the adjusted values at 20° and 30°C.
It may be that there is a decreasing Q1Q with increasing
temperature as in the case of the saurians discussed earlier
(Ch. 3, Sect. 1) or the presence of metabolic plateau where
metabolic rate is essentially stable over a range of several
decrees Celsius (i.e. q falls to near 1.0). Such temperature
responses have been reported in several species of snakes:
a single Boa constrictor (Benedict, 1932), Diadophis punctatus
(Buikema and Arraitage, 1969), Natrix rhombifera and Thamnonhis
proximus (Jacobson and Vhitford, 1970) and Thamnorhis sirtalis
(Aleksiuk, 1971a). Aleksiuk (1971b) correlated the metabolic
plateaus evident in Thamnophis sirtalis with a compensatory
shift in the activity of lactate dehydrogenase, which probably
results from differential isoenzyme activity at different
temperatures, A similar shift in malate dehydrogenase isoenzymes
vas observed in the same species. (Hoskins and Aleksiuk, 1973)•
Data from the Group 1 animals (20° to 2A°C, then to 3+°C)
indicate that an increase of temperature from 20°C to 2A°C
would result in an increase in metabolic rates in the first
instance only but no further increase would be observed when
the temperature is raised to 34°C. For the Group 2 animals,
no obvious increase in metabolic rate as the temperature is
raised. Increases in temperature do not result in elevation
of oxygen consumption rate may indicate the attainment of
metabolic plateau mentioned above.
So fair there are only few reports on the role of
temperature and thyroid gland on oxygen consumption rate
in ophidians: Matrix rhombifera (Turner and Tipton, 1972).
Matrix piscator (Thapliyal et al., 197A-9 1975) and Ptyas
korros (Wong £t al., 1975)• Furthermore, they are all based
on in vitro studies on various tissue. Except Wong et al.'s
(1975) finding, existing reports suggest that at higher
temperature, i.e. from 25° to 32°C, thyroidization of the
animals leads to increase in metabolic rate. At 15° to 20°C,
there is, however, no effect of thyroid hormone on oxidative
metabolism of various tissues. According to Wong at al.
(1975)» the thyroid gland of Ptyas korros does not seem to
take part in the maintenance of metabolic rate. In this
present study where whole body metabolic rate is examined,
thyroidectomy withwithout hormone therapy with L-thyroxine
do not affect the resting metabolic rate of the animals at
20°, 2+°, 34-°9 36°, 38°Cand at ambient temperature. Data
obtained thus support Wong et l.fs (1975) finding. No
explanation can be offered for the difference in response
between Ptyas and Matrix. Nor why only at 32°C, thyroidectomy
increases oxygen consumption rate significantly (P0.05)
in the present study, although injections of produce no
significant change in oxygen consumption rate in thyroid-
ectomized snake at this particular temperature.
The interrelationship of the thyroid gland and the
temperature is further intrigued by a trend of increase
in metabolic rate in thyroidectomized animals and thyroid-
ectomized animals receiving thyroxine injection from 20°C
to 32°C (Fig. 3-0. From 34°C to 38°C, a trend of decrease
is instead observed for the above treatments.
Apparently, the role of the thyroid gland shifts from
being inhibitory at •low1 temperature, i.e. 32°C below, to
being stimulatory at 'high1 temperature, i.e. 3Z+°C above.
The critical temperature lies somewhere between 32°-3°C.
Thus, in the absence of the thyroid gland through surgery,
there is an increase in consumption at 'low1 temperature,
but at 'high' temperature, there is a decrease.
Absence of thyroid gland can only be taken to mean
absence of thyroidal secretion. Should a thyroidectomized
snake be given therapy, one would expect, depending on the
amount of therapy 1) at 'low' temperature, there is no
change, an increase or a reduced increase in oxygen con¬
sumption, and 2) at 'high' temperature, there is no change,
an increase or a reduced decrease due to thyroidectomy
on oxygen consumption. A reduced increase and a reduced
decrease at 'low' and 'high' temperature respectively, are
in fact seen in the present experiment with thyroxine
replacement in the thyroidectomized snake.
It must be cautioned that thyroxine is not equivalent
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to thyroidal secretion in a snake. Snake blood contains
significant amounts of circulating mono-iodotyrosine (MIT)
and diiodotyrosine (DIT) which are precursors of thyroid
hormones (Wong and Chiu, 1974). Though Wong et al, (1975)
did not find any effect of the serum extract on the liver
tissue of Ptyas korros in vitro, it might be that such
high concentration of hormone precursors plays an as-yet-
unknown role in the determination of metabolic rate in
snake in vivo within a temperature range.

The response to temperature fluctuation or increase
in oxygen consumption rates from 20°C to 38°C differs in
the 2 sub-groups of the squamate. When the animals are
transferred from ambient temperature to a constant environ¬
mental of 20°C and $2°C for 1 week, tokays show a signi¬
ficant increase in oxygen consumption rate between the two
temperatures but the rat snakes do not show any difference.
Increase in oxygen consumption rate in geckos with temper¬
ature seems to agree with the existing reports (Dawson,
I960; Bartholomew and Tucker, 1 96T; Prieto and Whitford,
1971; Morris, 1980). The absence of temperature dependence
on metabolic rate in the rat snake would free the animals
from metabolic fluctuations with minor changes in body
temperature, and it may perhaps indicate a tendency towards
homeostasis in the species (Dawson and Bartholomew, 1956).
There remains a possibility that the rat snake is less
susceptible or sensitive to temperature changes compared
with the tokay.
There is however a significant increase in oxygen
consumption rate when the rat snakes are placed at 2.l°C
for 7 days after they have already been at 20°C for
7 days. Keeping these snakes in temperature (20°C) below
the ambient level (2.l°C to 30°C) may disturb the homeo-
static behavior of the animals that a four degree increase
in temperature results in a significant increase (P0.01)
in oxygen consumption rate. It is interesting to note that
similar shift in temperature regime also result in increase
in oxygen consumption in the tokay. On the other hand,
the consistent metabolic rates at 3+°C, 36°C and 38°C may
indicate a metabolic plateau in the rat snake and a tendency
towards homeostatic condition.
Thyroidectomy at 20°C, 32°C and at ambient temperature
on tokays and rat snakes do not produce any significant
decrease in oxygen consumption rates contrasting with the
existing reports on squamate reptiles (Maher Levedahl,
1959; Turner Tipton, 1972). Unexpectedly at 32°C, a
rather significant increase in oxygen consumption rate is
observed instead in the rat snakes. The significance of
this finding is not known. Based on the results of thyro¬
idectomy, thyroidal secretions do not play a major role
in the maintenance of metabolic rate at 32°C and below,
instead an inhibitory action seems to operate in the rat
snakes. The absence of decrease in oxygen consumption
rate in the tokays at 32°C may be due to the thermal be¬
havior of the animals that temperatures higher than 32°C
are needed for the responsiveness of the tissue for the
thyroidal secretion to be effective.
Administration of thyroxine to the thyroidectomized
animals can only give positive results, in tokays only,
when they are placed at 3f°C and J6°C. The absence of
any response below 3A-°C has earlier been explained by
the low temperatures at which the metabolic enzymes are
not activated. On the other hand, too high a temperature
(38°C) roay induce high turnover rate of the hormone. The
absence of any positive response to hormone therapy below
32°C may simply be due to the lack of dependence of meta¬
bolic rate on thyroidal secretions. As mentioned earlier,
since the rat snakes have the tendency to attain a
homeostatic condition, they have also freed themselves
from the direct and indirect action of thyroid hormones
where the thyroid gland is believed to secret more thyroidal
substances upon increase of temperature (see review by
Lynn, 1970).
32°C seems to be a 'critical1 temperature in the
squamate thermobiology. For the tokays, absence of response
to thyroidectomy withwithout hormone therapy contrasts
with the existing reports when they are kept at 32°C or
below (Kaher and Levedahl, 1959)• Though not statistically
significant, a trend of increase in metabolic rate occurs
in thyroidectomized rat snakes withwithout hormone therapy
from 20°C to 32°C. Above 32°C, the operated tokays show
decrease in oxygen consumption as one would expect, whereas
from 3+°C to 38°C, a trend of decrease is instead observed
in the rat snake.
The differences in the response of the two sub-groups
of squamate reptiles to thyroid hormones may be in fact
due to the differences in the thyroidal secretions. Snake
blood contains significant amount of circulating KIT and
DIT which are precursors of thyroid hormones (Wong Chiu,
1971+) due to the slow rate of clearance of these compounds
via peripheral deiodination and low iodotyrosine enzyme
activity in the thyroid (Chiu Wong, 1978) but not in the
tokay. Thus in the rat snake, thyroxine alone is definitely
not equivalent to thyroidal secretion. The role of high
concentrations of such precursors is yet unknown in the
regulation, if any, of metabolic rates.
The responses of the animals at ambient temperature
(18° to 26°C for the tokays and 2° to 36°C for the rat
snakes) need further comment. For the tokays, intact
animals have their metabolic rate equivalent to that of
32°C, it seems that a daily fluctuation of temperature
in the range of the present experiment permit the animals
to effectively maintain metabolic activity through thermo¬
regulatory processes yet unknown inside the small cages
to the same extent as those kept at constant environments.
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At ambient, thyroidectomy results in a 26% decrease though
not significant in oxygen consumption rate but a significant
increase occurs with hormone therapy: such responses are
quite agreeable with existing reports for lizards at 30°C.
The significance of these findings in the tokays at ambient
is not known. Nor these findings could be observed in the
rat snake.
It might therefore be concluded that the thyroid gland
seems to be involved in the oxygen consumption of the
tokay between 34°C to 36°C but for the rat snake, no in-
volvement of the thyroid gland in the determination of
metabolic rate is indicated.
Appendix 1
Effect of temperature and hypophysectomy on oxygen consumption
rate of thyroidectomized tokay Gekko gecko L.
Introduction:
The pituitary gland should be important in the deter¬
mination of metabolic rate since it can exert a stimulatory
action on the reptilian thyroid gland which in turn affects
the metabolic rate (Eakin ejt al., 1959; Lynn, 1970; Etkin
and Kim, 1980). Kaher and Levedahl (1959) injected
thyrotropin to the intact Anolis carolinensis and the
animals showed an increase in oxygen consumption rate
after two weeks at 30°C but not at 20°C. Injection of
thyrotropin could not increase oxygen consumption in
tissue slices from cold-treated Scelororus cyanogenys at
4°C (Walker, 1975)- Whether the hypophysis has a direct
effect on lizard metabolism is not known. Since there are
sufficient number of thyroidectomized tokays left over in
earlier studies, it is worthwhile to plan some experiments
using these animals.
In the present study, the effect of the absence of the
pituitary gland on the tokays without the thyroid gland at
various temperatures is examined.
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Materials and Methods:
Twelve groups of tokay Gekko gecko of ten animals
each were used in this experiment (see Table AP-1).
These animals had undergone various treatments as
described in the Experiment B-2 and since placed at
environmental temperature for at least a month. These
thyroidectomized tokays were hypophysectomized/sham-
hypophysectomized and their oxygen consumption rates at
20°, 24°, 32°, 34°, 36° and' 38°C were examined as
described previously. Hypophysectomy was done according
to the methods by Drager (1949) after being anesthetized
with nembutal (Abbott Lab.). Sham-operation was done to
the point where the pituitary gland was exposed. All the
groups were placed at their respective temperatures for
seven days before operation, and after operation they were




The effects of temperature and hypophysectomy on the
oxygen consumption rate in the thyroidectomized animals
are shown in Table AP-1. At 20°C, there was a significant
increase (P 0.001) in oxygen consumption rate following
hypophysectomy but a significant decrease was observed
(P 0.02) at 240C. From 320C to 380C, hypophysectomy did
not produce any effect on the oxygen consumption rate of
the thyroidectomized tokays.
Temp. °C
Number of Animals Oxycen Consumption (ml of Oghr)






































Table AP-1: Effect of hypophysectomy on oxygen consumption rates of
thyroidectomized Oekko gecko L. at various temperatures
Sham-hypophysectomized thyroidectomized
hypophysectomized and thyroidectomized
a HxTx vs sham HxTx P 0.001
b HxTx vs sham HxTx P0.02
Discussion:
Unlike mammals, the reptilian pituitary-thyroid axis
seems to have a direct functional relationship to environ¬
mental temperature, increasing and decreasing to parallel
the ambient conditions (Wilhoft, 1958; Eakin et al., 1959)•
The present data indicate that between the temperature range
32°-38°C, the hypophysis has no influence on the oxygen
consumption in the thyroidectomized tokays. Nor is there
any effect of temperature changes between 32-38C on the
oxygen consumption rate in the hypophysectoraized-thyroidectomized
tokays. Since the thyroid gland has been shown to involve
in the oxygen consumption within this temperature range
(see Ch. 3 Sect. 2), it might be concluded that the pituitary
gland is not directly involved in the metabolic rate in the
tokay. Increase in oxygen consumption rate following injection
of thyrotropin in the lizards (Kaher and Levedahl, 1959)
obviously mediates through the thyroidal secretions. It
may be noted from the present data that the removal of the
pituitary gland or the sham-operation results in increases
or decreases of oxygen consumption rates. Such variatioons
or fluctuation might be possibly accounted by varying degree
of regeneration of thyroid tissue.
The results of the present study showing an increase
at 20°C and a decrease at 2+°C due to hypophysectomy remain
an enigma. One would hesitate to suggest that the pituitary
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secretion would inhibit oxygen consumption at 20°C while
promote it at 24°C in the thyroidectomized animals.
Appendix 2
The effect of thyroid hormones on oxygen consumption rate
of normal intact tokay (Gekko gecko L.)
Introduction:
Earlier in the present study (Ch. 3» Sect. 1), it has
been shown that at 32 °C, thyroidectomy fails to decrease
the oxygen consumption rate nor therapy in thyroidectomized
animals produces any effect on the resting oxygen consumption
rate. Furthermore, in the absence of NaOH control tokays
(due to lack of animals) injection of thyroxine seems to
increase the oxygen consumption rate when these tokays are
kept at 32°C but to decrease it at Zi°C. Whereas it has
been argued that the latter temperature is perhaps too low
based on currently available data, it seems surprising that
no definitive effect of thyroxine and the thyroid gland on
the oxygen consumption rates in the tokays kept at 32°C is seen
(reported earlier in Ch. 3, Sect. 1). In the present study, the
effect of daily injection for 7 days of L-thyroxine and
L-triiodothyronineon resting oxygen consumption rate of
the tokay Gekko gecko at 32°C is examined.
Materials and methods:
Thirty-six geckos of both sexes from Thailand were
used in this experiment, they were purchased from a local
snake shop in June, 1981. The ways of maintaining the
animals had been described in Ch. 3- The animals were
divided into four groups of nine animals each. After
maintaining them at 32°C for one week, the resting oxygen
consumption rates of the animals were determined with the
method described in Ch. 3 Then Group one animals received
daily injection of L-thyroxine (Sigma Co.)(16 pg100g. B. wt.)
for one week. Group two animals received daily injections
of triiodothyronine (Sigma Co.)(16 pglOOg. B. wt) for one
week. Group three animals received the injection of NaOH
solution and Group four animals did not receive any
injection and served as untreated control. The preparation
of T-j for injection was the same as T and had been described
in the previous chapter.
After one week, the oxygen consumption rates in the
four groups of geckos at 32°C were determined.
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Results:
The effect of thyroxine and triiodothyronine on the
oxygen consumption rate of intact Gekko gecko is shown in
the Table AP-2. Daily injections of T4 and T3 for seven
days (Groups 1 and 2) did not produce any significant
changes in oxygen consumption rates of the intact tokays
as compared with the animals (Group 3) with vehicle injections.
Nor there are significant differences among various groups.
There are significant increases in all groups of tokays
in the week of treatment as seen previously with thyroid-
ectomized animals (Ch. 3 Sect. 1).
Group Treatment Before injections
After injections Student t-test
1 Normal+ 0,057+ 0.008 0.126+ 0.018 P 0.010
2 Normal+ 0.068+ 0.008 0.109+ 0.005 P 0.010
3 Normal+ NaOH 0.062_+ 0.007 0.10± 0.007 P 0.001
4 Normal untreated 0.080+_ 0.004 0.127 i 0.01 9 P 0.050
Table AP-2: Effect of T and T injections for one week on oxygen consumption
rate of Gekko gecko at J2.°C (mean+ SEM)
without any injection
before injections vs after injections
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Discussion:
Present data obtained confirm the absence of increase
in oxygen consumption rate following thyroxine injections
for one week on the intact tokays at 32°C. It can also
be generalized that thyroidal secretion (as a whole) is
ineffective, as T3 does not produce any increase at 32°C.
It thus provides an explanation why thyroidectomy does
not decrease nor hormone therapy increases the oxygen
consumption rates significantly for a 7-day treatment in
thyroidectomized tokays as compared to the appropriate
controls (shown earlier in Ch. 3 Sect. 1). Data therefore
provide circumstantial support to the earlier suggestion
that 32°C is perhaps not high enough for the thyroid gland
to be actively involved in metabolic activity in the tokay
geckos.
However, since all tokays show significant increases
in oxygen consumption in the second week over the first
week at 32°C. The duration of time in which a tokay is
being kept is an important factor in consideration of
temperature and metabolic rate relationship.
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